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WD 2009/ 003029 PCT/ US2008/ 068170 H GH TEMPERATURE
SPI N- ON TEMPORARY BONDI NG COMPOSI TI ONS  BACKGROUND OF
WA REBIDINENTI ON 5 Gover nnent Fundi ng Thi s i nvenP¢DOS208%068170
made wi th governnent support under contract nunber VW1
I SR-05- C-00 19 awarded by the United States Arny
RéKdas i P ERWEILGHIS AN -Ch TEERHREBY BONCIMBOOMPTHETONS
United States Governnent has certain rights in the
invention. 10 Rel ated Applications The present
appl i cation cl Qﬁg? t U. S
Provi si onal Pa?%%?KApp P@g??EHXH%erlaFﬁj@N>60/946,077,
entitled H G4+ TEMPERATURE SPI N- ON BONDI NG
COVPQOSI TI ONS FOR TEMPORARY WAFER BONDI NG USI NG SLI DI NG
Govespmeeidemding | ed June 25, 2007, incorporated by
r eifﬁls?%ﬁtl&?{;v §1%ac’é?5w J)\%n(ﬁﬁe%lg V\;‘a;%oﬂtvtﬁﬂi'é th&%u%b%? Y1 1SR-05-
invention Is roa ncerne novel conpositions
C-00an gwandthedidhe UhitediStatg Mrﬂ@%swm D&i¢lbpmsntt andfigineering Command.
bondi ng conpositions that can support active wafers on
The Ynitechpiates GaygFepens passesiaty taghis HUF? HYCWB9®r t hi nni ng
and ot her processing. 20 Description of the Prior Art
Waf er (substrate) thinning has been used to dissipate
Relal@a{ppiogtiaisd in the electrical operation of the
integrated circuits (I Thi ck substrates cause
i nEheRiseent sprdigpirs dains éhe priogigUpae e itthS dkigyisional Patent Application

Seua;logigém éﬁbﬁgglgzge@?u@?ﬁ HI@Ht *f‘[igapﬁzk%m% ISPIN- ON__BONDING

i ncreases i npedanc
COW(D&;HI@NIS&T@R HTEMP@RAIR%W ILRTBGIMDM USANSI STgDANG APPROACH,
eduction in transn ssion ine t hi ckness, and, in
ﬁledﬂulaen% 0P ediearpoidipyrelesgnse hereitys,  subst rat e t hi nni ng
facilitates IC mniaturization. GEonetrica
limtations are an additional incentive for substrate
Field dtithalnvgntidd a hol es are etched on the backsi de of a
substrate to faC|I|tatg frontside contacts. In. orde
OTQ%ﬁge{s@gdpve@UQp as broadly concerned with novel compositions and methods of
using those compositions to form bonding compositions that can support active wafers on a

carrier wafer or substrate during wafer thinning and other processing.

Description of the Prior Art

Wafer (substrate) thinning has been used to dissipate heat and aid in the electrical
operation of the integrated circuits (IC). Thick substrates cause an increase in capacitance,
requiring thicker transmission lines, and, in turn, a larger IC footprint. Substrate thinning
increases impedance while capacitance decreases impedance, causing a reduction in transmission
line thickness, and, in turn, a reduction in IC size. Thus, substrate thinning facilitates 1C
miniaturization.

Geometrical limitations are an additional incentive for substrate thinning. Via holes are
etched on the backside of a substrate to facilitate frontside contacts. In order to construct a via
using common dry-etch techniques, geometric restrictions apply. For substrate thicknesses of
less than 100 wm, a via having a diameter of 30-70 pm is constructed using dry-etch methods that
produce minimal post-etch residue within an acceptable time. For thick substrates, vias with

larger diameters are needed. This requires longer dry-etch times and produces larger quantities
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30 using common dry-etch techni ques, geonetric
restrictions apply. For substrate thicknesses of |ess
W@ b@o/0d0» m a via having a diameter of 30-70 PECT/ES2008/068170
constructed using dry-etch nethods that produce
-_mnj mal etch residue w.thin acceptabl e t
of peEbfRFuReS i e BET Gl S g HhtofegEr Tiimss plibaiguire larger
quanﬁﬁ@éj e meTehh%tfoﬁq WHi@Sis!| 1 RRQ&os@. Y 18k&Ilork] TRSaRGde processing, thin
produces | arger quantities WO 2009/003029
subs@(té’d dz@ZﬁQﬁb@:@@ﬂMﬂoquumki;;t aret &t howeasiodtue, t hus
i fi antly r ci ng through arg
ﬁﬁw TSR 5&% St s s lﬁtaﬁflanlfﬁwa}?rdﬁlg?tgates havea
smalf@? Elﬁoﬁlﬁ%tfh%terfﬁmg é% 1 HBe ad Oyt RFkSledfe Ee{ ARERIY %11 tlbb Hlattm what
ubstrates can processed nore quic qy
methodﬁawiﬁ'glisnriba,ldusi bratlesr fser zézllzﬁm)nbrixruseé,dﬁslaye mstel amdut ﬁom thinner
rlbgg into, |Cs. Thlqp substng%gscgave a
Subs‘é Q‘?F seratcapduntorn walpre thipaedalderciientsie OPﬁ‘éP%‘?Sor }é(’r case of
I S ]
handﬁﬁg %@E@x g a ?%%%fg (te ﬁ‘\ﬁgg}aé g@flcé‘é’?ﬁtt 1@}”@&5@9%&1 %&ﬁ%}(gesses, e.g.,
600-Basjuar Qrae (cumpfeltfm’nthdylalt’méiinneéw@ﬂtwlatcsﬁts oMb8Q-150 pm. In some cases

(e.g. 3@@1%?3&35 Os%@i’l\e% ggéés%%ﬁllﬁ}g%gﬁa}el@d@é fafﬁ:sg é]l;e;l%g(% é)ll ?ng,h -power devices)
I de devices) at their nornal
thickHen gge url?’e‘? ‘r’mvcevgstfggs ﬁ!n .. 600-700 m Once

COMbe&tn&dzl sﬂilh;eyttealhﬁmilm 8 @eﬁoﬁn@ed by bkngss g vadferlQ0fatShto contact

In sone cases 10 ., when hybrid substrates such
with ashag%uami b EtalEng H@IZ@@@%@ Jattgy thay, seaing e Iiiugchslgever he slurry may
conta%EXkL gsﬁ?% xg 191 b@hg ?%ﬁ? ﬁﬁ%lné?ﬁlahﬁléﬁ& a@%%ﬁn %1%0125'5“01 combmatlons

therebhe Thafrastuer faerlck Mp@ss'onibaeite Imbhalal halﬂdmaﬁg fzvhﬂé the etchant
rotating horizontal platter that contains a |iquid

chengqt{yrfagﬂitam e Palisiing ahidg sulivistoa lpved bTJ@\eSW@I@I o faded Hycontact with
the an r?,gln%l ?fnaﬁl%b&tggfcsﬂgma%ef I%alégltﬁ:efrfli?' 11?om§8V 2 gchrl%va a talgg%fe’d tRlckness

S Ul taradfer theskaval of 300@um of feflst, igs widldk lsﬁle‘ld]ﬁl ﬁ&&hﬂfﬂﬁ toohng that
chem stry facilitates "polishing" at the subm cron
utilizeg g @pcuunh shygkf@rsoms mepnaoamsebanienl agagharant W hen wafer thickness is

redudd§ % Pesyﬁlan 308&11?“33%tci5]1118{<d1?ﬁc%§t (&allltn%oss 7 K ?0 1%f11hl£ 1{1:801%101 \With regard

achi eve a 't

to att@&hdit Afd BIRELE LS the Refwvalueihg gt lidnhiAg Rh@F®cWsiG. In some cases,
tooling that utilizes a vacuum chuck or sone neans of

mechgpichladaviess naan l@ﬁ:m@émo aWérﬂnvbéfogi onthj thioned svafass, lmvever they are
ess th H &%e econmes dif

subjec{e% mam}bprobkems espetcxa hen tprxo?es‘s,ﬁs ipay g%rgr ch S ghxs reqson the wafers

("actiabt azgfw@g Ate ABEANtBABEO N@pohatel A (& 8r) blskA@ JrWdflerThis substrate
t hi nni ng and processing. In some cases, nechanica

becomey ithce8oldHyE platfreador durther binigdanh pastohinginghpieaesding.  Carrier
subst}%?ése I m&%‘&&%ﬁ ’mattghea){s AR as sapphire, quartz, certain glasses, and silicon, and

usually exhibit a thickness of 1000 pm. Substrate choice will depend on how closely matched
the coefficient of thermal expansion (CTE) is between each material.

One method that has been used to mount an active wafer to a carrier substrate comprises
the use of a cured bonding composition. The major drawback with this approach is that the

composition must be chemically removed, typically by dissolving ina solvent. Thisis very time-
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subj ect to many probl ens, especially when processes

may vary. For this reason, the wafers ("active"
waedoensip2ar e nounted onto a separate rigid (carP€i/E83008/068170

substrate or wafer. This substrate 25 becones the

consglglg}dgl_, H}gﬁs ﬁ?ff \tqg{)g:)tpq ftﬁ ’ EHQ%F{OP%E?@I lgst%é ﬂ}eépé@n‘hqldéls to the cost and
: PRA} t

com@%ﬁ%ﬁ?lﬁ%eq&g@é ez[n'dﬁ d%gr? Plg ggﬁﬁdi‘%a eglgg h tﬁe golvent required to

dwyﬂhﬂmKMGﬂﬁngﬁoﬁ@Gﬁuml Substrate choice mnll depend on

hOM/cIoser mat ched the coefficient of thermnal
exPandEb MetorElor oUBENRBB RCB Y WafRtia i @rticrayBstie foyia a thermal

t f
Ieleagéq@& 1e§1?§ é bS? rhg%fﬁg%etg%ﬁ@t% m%gbgﬁ%{c%ﬁm ?ns{ ?hcata]aes have limited
thlckb@srsdumgomﬁtyp@sbés ot aafhe wajedicadicawnbgtiatomititr thdel Sand 1hls limited

proach is that the osition must be chemi call
uqur@h%ﬁéd) flepyigpdedupie oy ) Wi B VYA handiingol Sesard, Hpithermgl relcase

adheé’l% Xofttén%t SIECRVI\QV%Q 8}8&9&?&%@& Ft’ﬁZT {g]oq Q\%EFS t%%ljl ?e? subsu a ehstack cannot

Wlthful&ﬁi mﬁn)t ﬂy@xcsbiwﬁn pr oa€B§B1gts®3pts hllﬁht @QSdarladftﬂout @OHiIghaﬁbﬁq)be@fm es.

the process, and it can be hazardous dependlng upon

t hEhdpisigRed fos geiv eapesitionsiand giethods pEadberies #ppclive waler to a carrier
subst\?\%?gi?x?’%%l eglagl g';l\fp@{ ) 8&35 % ﬁjgfralﬂgl emllﬂcf]ﬁla{lﬂlé)?\ﬂfg?&tag)\/ ?eparation ofthe
wa&fakhaﬁ@ﬁadhE$&V@pﬁ©ﬂaﬁs@@é%fﬂkQﬁ@&S&has two mgj or

shortcom ngs. First, the tapes have limted thickness

uniformty across the active wafer/carrier substrate

interface, and t [ s often

i nadequate for Ptra fﬂ?ﬁggé?ﬁﬁlﬁgﬁﬁﬁf¢%§ Second, the

t hEIen]mieseme ire@aton adireshaseths ptdteaas af theyeior hawy broadly providing a

nperatures that, the bonded wafer/carrjer substrate

Wafe’s‘?%’@k“gcléﬁ%@ whjgly lﬁgltléwrﬁﬁﬁyl&tw%épmw@g fi5¥t98@ seqong substrates

bond%%%@th%pﬁg a%%ﬁccijﬁ:lg c&hﬁgsli%ﬁ la rrg . I:T'hg er ngpr?msrg?h g@gﬁgl%n]dothat can be

IS a nee eéw Cco OSItIOS

oligoadhie i pgyanriaahd wat iwedledted foord e suRionsistisdéMaide, M@kimide, and
..can endure high processing tenperatures and_ that allow
amideighdg-gilering dipdymens omdopligpaerswaf by st supdisciadetoap temperature

sufﬁ%iﬂ,@%ﬁ@%%&%@%ﬁ il %gﬁdﬁ% l!lﬂ:‘? ngcp 1R Sthe %LHW %ng sﬁbstrates are

e present Invention over
separptedpl ens of the prior art by broadly prOV|d|ng a
waf er. bondi ng nmet hod whi ch |ncludesfprOV|d|ng a stack
coﬂ}f—rlpg‘?m@nfﬂ?mw@d@ﬁ WerBeld coupssingtey ang é??@édi substrates. The first

subst%:agg trrb&xsegé Qac"il( sﬁﬁ&% émg ﬁ& actly Sshr};)!%c%nanld%% active surface Xompnses at least
one active site and a plurahty of topographical features. The second substrate has a bonding
surface, and there is a bonding layer bonded to the active surface and to the bonding surface. The
bonding layer comprises oligomers and polymers, which are selected from the group consisting
of imide, amideimide, and amideimide-siloxane polymers and oligomers.

In a further embodiment, the invention is concerned with a polymer or oligomer (or
compositions comprising this polymer or oligomer dissolved or dispersed in a solvent system)

having a formula selected from the group consisting of
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oligoneric or polyneric, and that is selected fromthe
group consisting of imde, am dei mde, and
wa@piodebinede- si | oxane pol yners and ol i goners. TPET/E5200$068170

IS subjected to a tenperature 20 sufficiently high to
soften the bonding | ayer, and then the first and

(D second substrates are separated, The iRvention al so
provides an article fonpriBin f@rst and\ second
substrates. Th Lot ubstr BEAPEX a back
surface and an acyivVv urface,”and the active surface
conprises at | eas ne active stte and/a plurality of
t opographi cal features. The second substrate has a
bondi ng 25 surface, and there is a bonding |ayer
bonded to the active surface and to the bonding

whersiut f ace. The bondi ng | ayer conprises oligonmers and
polymers, which are selected fromthe group consisting
of Rithedrs tedalipradhsriiqup coséptingiodiei ni de- si | oxane pol yners
and oligonmers. In a further enbodi nent, the invention
is concerned with a pol yper_ or oligoner (or
composi tions conprisingrggiégpolyner or, i goner
disgglved or di spersed |n ol vent s 0 havi ng

a fotndralseréttpd fr he\gg oup, consistf ng’ of 3 WO
2009/'003029 PCT//USZ008P068170 (1a3 ORO® N-'v N -X

OO 5 wherein: Ris selected fromthe group

consi stwhgedfR 1i0 selet& fibh the GroupCbdsiang oF aldyl-Qubiigited Phenyls,
R, is selected fromthe group consisting of

al kyl -substituted phenyls, 15 S ,and 4-0--0- ; and X

is selected fromthe group consisting of phenyl

sul fones, aronmatics, aliphatics, ,and
E ; , and E Cj S ::j ; ;and

X is selected from the group consisting of phenyl sulfones, aromatics, aliphatics, and
cyclic aliphatics; and

O
N%—
4<\Z——NH
o o}

D

where Z is selected from the group consisting of siloxanes and moieties comprising ether bridges.
The compound further comprises an endcap group derived from a compound selected from the
group consisting of aromatic mono-amines, aliphatic mono-amines, cyclo-aliphatic mono-

amines, and phthalic anhydrides.
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cyclic aliphatics; and 20 (11) o ZZNHON Y OO0 25
where Z is selected fromthe group consisting of

W@ 0096302 and noi eties conprising ether bri dgesT/USZh&068170
conpound further conprises an endcap group derived

froma conmpound sel ected fromthe g{ou consi sting of
aromat i ¢ noncERIHRESCRINTIRAYOE Tl Raﬁ%&ﬁ%@,s

PG B AT SR PO, B Ao oo
accolEpERIIRThEb O vEHoDRAW NGS Figure (Fig.) 1

illustrates the inventive nmethod of thinning and

delbigndis adlorndiagiaieshe wingdbeo biticabproecss Hepprodleaigel in the examples; and
i nventi.on; Fi is af ' .Show, . s
VB PO D eofus A DU PO AUERRILDG) M6y copposiion

accordirg to3hd mvent@naph depi cting the rheol ogi cal analysis
results of a bonding conposition according to the
i nvention. DETAILED DESCRI PTI ON OF THE PREFERRED

CVCER TR LB b el B YRR Dy OB

conprisé a conp I'Sper se

S ahvigdit dsiiB ! BETnvERSY CQRMPREINIGNS &dinPeseds dOR] PRI d®perdddl or dissolved
oligonmer and is preferably present in the conposition

in a sgtvehleysles. of hef qornoaibd uen 194 pelyaisoat ary@ligamyerweadl ghpreferably present
.. more preferably from about, 5%t o Qut 50%’g mei%gt .
in S RTRBUR FiTE by of BB s R WS008, PRER Gl E hgohraoty from
about®¥s tNEbARE 02 PRSREIcHD A & rh&te PheRbBMor@hb&Al15UsStolaBout 40% by
. the conposition taken as 100% by wei ght. The preferred
weiglfobasag tipen Bie tolel yoieht ¢lsobidappdlindemppstiehiekempl HEp by weight.
anﬂ paner bl.y have .. . - . far

he'preferie polymerlc or oligomeric compounds are thermoplastic and preferably have
a weight average molecular weight of from about 3,000 Daltons to about 300,000 Daltons, and
more preferably from about 6,000 Daltons to about 50,000 Daltons. Preferred compounds
preferably have a softening temperature (melt viscosity at 3,000 Pa-S) of at least about 150°C,
more preferably at least about 200°C, and even more preferably from about 200°C to about
250°C.

Preferred compounds will be at least about 95%, preferably at least about 98%, and even
more preferably about 100% by weight dissolved when allowed to sit at ambient temperatures
in a solvent such as N-methyl-2-pyrrolidone, xylene, dimethylacetamide,
N,N-dimethylformamide, dimethyl sulfoxide, and mixtures thereof, for a time period of about
1-24 hours.

Some preferred compounds that work in the present invention include those selected from
the group consisting of oligomers and polymers of imides, amideimides, amideimide-siloxanes,

and mixtures thereof.

In one embodiment, preferred such compounds have the formula

O R O
. TK¢@r O
O

5
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15 a wei ght average nol ecul ar wei ght of from about

3,000 Daltons to about 300,000 Daltons, and nore
w@e@beozkd y from about 6,000 Daltons to about BOI/0808/068170

Dal tons. Preferred conpounds preferably have a

softening tenperature (nelt viscosity at 3,000 Pa-S)

of at |east about 150C, nore preferably at | east

erably from about 200C
Whmggggggég%gﬁggg&'%éﬁgvgﬁégreﬁgéonpounds will be at

| east about 95% preferably at | east about 98% and

even nore preferably 100% by MEI@ht di ssol ved
allomed to sit at ent t enper/a |n a

o#g N- et hyy- yrrolrdd%é:

di thylaceta de, W, dlnmghyhmbrna |nethyl

sul foxi de, and m xtures thereof, for a tlne period of
about 1-24 hours. 25 Sone preferred conmpounds t hat
workere iR iheelgsicsisisom thagienp comsistinglob dikyt-pasttuied phengld,
from the group consisting of oligoners and pol yners
of i mdes, am dei m des, am dei m de-sil oxanes, and
m xtures thereof. In one enbodi nent, preferred such
conpounds /h3g la 30 R OO (1) Now~ NX O
0 5 WO 2poY JS2008/ 06 IS
sel ect ed Ot group /congiist \ny=of 31 N 110
F3C CF3 , and where R is selected fromthe group
consi sting of al kyl-substituted phenyls, 10 0_O+, and
4-0-S-0 Preferred al kyl -substituted phenyls for use in
Prefepigd a&yég@tltqtq{,@mw]@ o1z§se ipthe myyqsgntggmmotl @teeihenyls Rulstituted with

C, tot(‘r') R\ﬁﬁyl ullg% ICL{lﬁr yaé‘tepﬁilm ;aﬂ&% 18f F%lggl Sué’éq( tg!;:%c)l &%eny(li%al%er hose selected

fromtegr@LH UPnseRMGio$t i Ng of

Ay o R

In formula (I) above, X is selected from the group consisting of phenyl sulfones,

aromatics (preferably C, to Cg,, more preferably C, to C,,, and even more preferably C, to C,,),
aliphatics (preferably C, to C,5, more preferably C, to C,,, and even more preferably C,-Cy), and
cyclic aliphatics (preferably C, to C,, more preferably C, to C,,, and even more preferably C,-
Ch).

In one embodiment, X can be the above aromatic group, aliphatic group, or cyclic
aliphatic group. In another embodiment, X can comprise aromatic groups with ether bridges
(such as those discussed with respect to Z below) or aromatic groups with linkage groups and/or

—NH, groups at the meta position.
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0 0and 20 In fornmula (1) above, X is selected from
the group consisting of phenyl sulfones, aronmatics

w@ progfesoabl y C6 to C601 nore preferably C6 to EB30DUS208068170
even nore preferably C6 to C24), aliphaties
(preferably C2 to C 15, nore preferably C2 to C 10,
ancerevdaiypeterpdf @o ey aye €c@) bnathd gr Ccuy)@bnscstmg of alkyl substituted

atics (preferably 1 re, prefe

pherpy cg%whan%s el fBre ﬁf%ﬂé%egmgb 4. Sisopiosy Phdgifienyt. and
h@mﬁﬂaggbﬁ@@ VlideeCan be the above aromatic group

al 1 pha group, or cyclic aliphatic group. In

anotanethee atnbadiment, profercahsucb vpmpsendarharmathedogmdaps

with ether bridges (such as those discussed with

respect to Z below) or aromatic groups with |inkage
(i) 9roups and/or -NH2 groups at the neta position. 6 WD

2009/ 003029 PCT/ US2008/ 068170 Partij/cul arly preferred

X groups are selected fromt p\consi sting of

al kyl substituted p yls, (s nes di scussed

above), isopropylidenedip

hexaf | uor oi sopropylidene. |n anot her \ enbodi nent,

preferred such conpounds have the formula 5 (II) o O

N Z-NHf4 OO Y 10 where Z is selected fromthe

group con3|st|ng of sil oxanes and noi eties conprisi 9 ,

wherg¢ fieselasiaddipesthe graype appdingohsitoxghesaad maietics campigsipgadher bridges.

In enﬁfoﬁfﬁ?&{t? théﬂelf ?gadnb%xj(ﬂ%\,/ sre'fe!}%dfsﬂ QZ{He@ have the formula

RS RS

Aé(ﬂ3)m——8|i—éo——sli9~(R3)m‘>L
AR
R R

where:
each R’ is individually selected from the group consisting of hydrogen, alkyls (preferably
C, to C,,, and more preferably C,-C,), and phenyls;
mis 1 to 6; and

pis 1to 50, preferably 1 to 20, and more preferably 1 to 10.
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RBR3 15 (RB)m i Ui (R3mM R3 R3 where: each R3

is individually selected fromthe group consisting of
whoyweopeey al kyls (preferably 20 C, to C1O apdI/bB2088/068170

preferably C -C2), and phenyls; inis 1 to 6; and p is

Ito 50, preferably Ito 20, and nore preferably 1 to

10Preferredm 00X/ 00302 RET! b8 06847a! (rPndhegiogp consisting of

noi eties conprising ether bridges are selected from

the group consisting of O~ OOU 5 (oo O

OO0S-~-0and O 10 CF3 3 15 In either the
enbodi nent o mul.a r enbo t of Fornul a
(11), it is R rred t|th ol yne r/oligoner

further conpri se an endcap group. Preferred endcap
groups are derived fregina coypound sel ected fromthe
group consisting/o 0 Aoyam nes, aliphatic
nono- am nes, cycl\o ph C ihes, and phthalic
anhydrides. Particularly preferred endcap groups have
a formul a sel ected fromth@ group consisting of alkyls

(preferably C q?;gzy%g W%gzy_ggef by C1 to C10,
and even nor fera - / Nt/
O

, and

{o~0fo-o}

In either the embodiment of Formula (1) or the embodiment of Formula (I1), it is preferred
that the polymer or oligomer further comprise an endcap group. Preferred endcap groups are
derived from a compound selected from the group consisting of aromatic mono-amines, aliphatic
mono-amines, cyclo-aliphatic mono-amines, and phthalic anhydrides. Particularly preferred
endcap groups have a formula selected from the group consisting of alkyls (preferably C, to Cs,

more preferably C, to C,,, and even more preferably C,-Cy),

/ (Ry).—Rs

3

HaC o
=D RO
H3C ,and o

b

where:
R, is an alkyl group (preferably C, to C,s, more preferably C, to C,,, and even more

preferably C,-Cy);
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(R4)1~ R5 25 H3C O N H3C and O where: 30 R4 is an
al kyl group (preferably C, to Cl5, nore preferably C,
W@ 20000@02and even nore preferably C -C6); 8 V¥CT/US2008/068170
2009/ 003029 PCT/ US2008/ 068170 RS is a cyclic
aliphatic group (preferably C3 to Cl2, and nore
prif J@raaiyblyc giphtagc @8)up (arederally iCs 1@Cﬁzoa126bmomreffér“é?br ¢s ® Cy); and

to 10 f b Ot t
srbin ocD e ao R dast g oGty T HE ght - sol vent
S yfﬁeed&np%l%t)ﬁ Elﬁ)tﬂllld’con{pﬁ REWAERMboRPI0% By RBRUE PR Q&ten%,/preferably

wel ght sol vent system nore preferably from about
fromtabouB5 @ sarb&ARBY byveicght saluttepstemy soenpretanebleirem about 60% to

o3 B Lo RO O SRR, P08 . M

by w@%ﬁpgﬁ{/&h ‘%981&% Eéﬂse@%p@n QQ/R)Q\Y we\{\@{tgﬁtthe IhgpsploreRken as 100% by
system shoul d have a boiling point of from about

weight00h2 5avat sm’ufdn plnc&ﬂdeheaf@ lapoilingprindbbliem 2b@x 200250°C, and preferably

ita Qlvents include those selected fromthe
homg”‘g g@o?r@ §ting of N-nmethyl-2- 10 pyrrolidone,

Xyi’hﬁ %{e %10&1@%@&&? ﬁﬁ'séj‘éele&'ea\" FFBLHQE@%HLQ)" EB%HISgﬁg of N-methyl -2~

di net foxide, and mxtures thereof. The t
pyr r(BldbntdeylﬁweIdlmathlyhleetamrcb:oé‘i N-dlmeﬁ’ryd)ﬁ@hdalbeieatdnh@as}t sullox1de and
. about e2198% by weight, preferably fromabout 10%to
MIXIYESH CrHH% by wei ght, and nore preferably from about

1 O%e% Bota 1%%9@% lg’\Qa%19MhéN%b&BE)sm@1@§ﬁ&18' Q)%natt o8&t ta@E{i’tl 10% 5by weight,

wel ght e conposition taken as 100% by wei ght
plefelzﬂ)lj@fl‘bﬁf abenb d)ﬁl%ntembsut 40% byonpglsi amcbmomopdeﬁbx atde Fradeatmut 10% to
r of optiopal i i nc

t
abou*sm@amlﬁl% bagehanahe ?g#fe??glﬁ gt ‘é‘ﬁéﬁ{“@omﬁg%katk?%f‘%]é}‘)s/" by weight
angl/ ot %H{Hoﬁﬁh&fwtﬂ% co\%ﬁ@xtﬁn%&ﬂﬁld@ﬁ&ﬁ@ a hembride bé@&lal h%gredlents

IS pre erab r ésent e conposition at a
incluflingrsurfadiomtt, 2@1.11&51% ponahimgtag39s, k;yasmeugm’ andAorchniok glants.

P \?\/fh%g ggtl1r¥acftz§n? ?; L&Hl%gctl 185 %re%/grgboly Ia)lpegglgt ml th(:s/ocg%pwtlgr? etu alevel of from
about 0.1% to about 3% by weight, and more preferably from about 0.1% to about 1% by weight,
based upon the total weight of the solids in the composition taken as 100% by weight. Examples
of suitable surfactants include alcohol ethoxylates such as octyl phenol ethoxylate (sold under
the name Triton® X-100).

When an adhesion promoting agent is utilized, it is preferably present in the composition
at a level of from about 0.1% to about 3% by weight, and preferably from about 0.1% to about
1% by weight, based upon the total weight of the solids in the composition taken as 100% by
weight. Examples of suitable adhesion promoting agent include those selected from the group
consisting of bis(trimethoxysilylethyl)benzene, aminopropyl tri(alkoxy silanes) (e.g.,
aminopropyl tri(methoxy silane), aminopropyl tri(ethoxy silanes), —phenyl aminopropyl
tri(ethoxy silane)), and other silane coupling agents.

When an antioxidant is utilized, it is preferably present in the composition at a level of

from about 0.01% to about 3% by weight, more preferably from about 0.01% to about 1.5% by

weight, and even more preferably from about 0.01% to about 0.1% by weight, based upon the
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based upon the total weight of the solids in the
conposition taken as 100% by wei ght. Exanpl es 20 of
w@iovatdoey surfactants i nclude al cohol ethoxyl apE€BUS200$1068170
as octyl phenol ethoxylate (sold under the namne
Triton' X-100). Wen an adhesion pronoting agent is
total weigh'rc zﬁd),e solids & theebmpabtign prkes ent 00% byheeiglundbeinplasof suitable
f from ahout 1% to about 3% by. wei.ght,
antioR el 4By S ok 208U IO STRAT PIFORs B et (such as
1aPARE Ao URADIA e AL QtiBlerRI AN pRfrokiBeR O fi8Siohdte kBRI under th
penia l?ﬁpogl ti on1 {Be&en asel 100% b))ﬁtZ“S) 3 e Q}h %xz}m% | es %n ef the name
Irgansxfi 1046 be Cotehnarsi pdvo sy to oot d xidpnasg(eunth as mﬂ(néehttel'tdméylphenyl)phosphite

sel ected fromth u consi sting of
sold ‘Eﬂd§ (i’lelnﬁé’teﬁ IW% Iﬁg"&))benzene am nopr opy!|
ii’l{aeﬁ%)%%(yl r#%dé%?% g”g} 1%Pgr Lﬁi}')%s Q@IH{ faﬁgélg ntp%h&cﬂpnt tli]x?)ééﬂvent system.
The I‘aﬁﬂ mﬁp@mydn shb[tld(lﬁtthﬁm()pi?ashanea) )nonarmdslﬁﬂ(hbie) st lhantéae composmcn
coupling agents. Wien an antioxidant is utilized,
will Wﬁ%ﬁﬁ\‘ Hi¢ (Jessrthaneahout B 1¥nly CEipLRIhBisraRy %{D%Oéq byo‘ffelghO of

3%k Q out 0.01%to about 3% by wei ght, nore
CKBS]'1¥% %%%5 fromabout 0.01%to about 1.5% by weight,

arﬂdleeﬂcﬂﬂvmsﬁy I dfedrrabqu}ﬁdsﬂmlﬁbtbll,{trefélzﬁbly B6 Iess thboubout 200 Pa-S,
(yS‘tﬁt\Q/el ght, based upon the 9 W) 2009/003029
more p@fw oo lssabyet 100 e, aWe‘F‘@Hﬂ“%F prefrallyfiogsalont { (gaS to about

50 PdCSan(Q u'i }5(%@5 LAken Jﬁ&s&l@g Fy mlscogﬁ?fgﬁe?% Tl?lfled via hheolog,lcal

anti oxidants I nc OSE sel ecte rom-t
dymlgrc@mplysm s Adhstngnaoitts, piked@dd, cwa pnnabe(li-;damtcsnfﬁguaﬂmmwhexe the plates
nt aer yt

have RBRp iRy A5 . Ewﬂteémpr% thisy ek visrar b iptsisgpincgras pPe g0 C and
there qul%%rq Wé%@ haﬁmhzﬁ')g(l@f% b &%ﬂp %nd hHHO p@felgﬂ?&}%ssatﬁ% about 2% by

osphite antioxi dants (‘suc
weli glttrlloss( &, the dorhpoditidutly bfieenyldsphog filid te noShaolatidetodgosition occurs
nane Irgafos 168 by Ci ba). The above i ngredients

in theé&ﬁmé’?‘ﬁ‘ﬁwt ﬁ%@tww dtek?émeﬁ.dr&ddhﬁm%rweﬂélaw@aﬁls (TGA).
SyAc'lﬂmh thE® nfpo @1'0]( a@]ﬁﬁ 82 b#ﬂ% t8 Q r%&%rﬁé?%[lgg?ﬁ @(ﬁta'cﬁve wafer

noncr o e conposition
first, h)es m&&eﬂaﬂl thhtl wbé ageied Itceﬂﬁ ftchaﬂflwaﬁzm ditrstO Alpl%dmyedmpgbﬂtlon method

and preferably about, 0% by wei g crosslinkin
lnvol\af‘gewe%coaltelgm@ q?émosmog&éssmwswdi ﬁg hfoinhépo%ow@o%?&? g (more

plefel‘gpgcfr(ﬂﬁ %Fgﬁt%byl ?@ allﬁ)ﬁ'gbaltalegq%g@ &Jstof M 5%)1§600 'T?rO%O rpm/second,

erabl'y l'ess”’ out even
and fqrrpineinadsloyf fonaboabinus 00l cRals. It@m&l}b@ lzlbpre&@teﬁ’ﬂa@the%@p ication steps
pur poses of these neasurenents, the nelt viscosity is
can bejgarggdaipRehicys a PRIvEBIab Bl gaess.

After coating, the substrate can be baked (e.g., on a hot plate) to evaporate the solvents.
Typical baking would be at temperatures of from about 80-275°C, and preferably from about
150-225°C for a time period of from about 2-15 minutes, and more preferably from about 3-10
minutes. The film thickness (on top of the topography) after bake will typically be at least about
5 um, and more preferably from about 5-50 um.

After baking, the desired carrier wafer is contacted with, and pressed against, the layer
of inventive composition. The carrier wafer is bonded to this inventive composition by heating

at atemperature of from about 150-300°C, and preferably from about 180-300°C. This heating
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dynam c analysis (TA Instrunents, AR-2000, two
paral l el -plate configuration where the plates have a
waelz@awewey of 25 nm. Furthernore, this nmelt viBCOER1098/068170
is determ ned at 300-350C and 15 there is preferably
| ess than about 3% by weight, and nore preferably |ess
is pretftrablyaboiet! 0)@%ubler vawiughind fhbosgmehetibdoClompabouti loH) mimutes, under
ot her %Qrds ery ljittl 0 no thermal deconposition

a borglteped W¥P?M%“&6ﬂﬁ@§ﬁ1?5HO%FWPH?S tenperature, as
deit"l r magﬁ%wgyantegl@ﬁ g&g)'; YRS Edlﬁ%@sﬂ ¥Sive walAD: and carrier wafer or
ough the conposition coul e applied to either
substtzhe 1éarActiee validosityr atneproes abthikvaurfuaé é6 anfliansittivé surfase 18. Active
preferred that it be applied to the a t|ve waf ﬁ
surfagg rl§t canaCQRSEr 916d OB FHITE AtV O ATFRAMISNORB) iR VET [as a pluraiity of
| p
topogg%lﬂ%ﬁ g%{t) ggg%g&} %?nu ér%?rl ellnggr]%s?;éerl a% H&lefﬁfg}ﬁn%g @%r gﬂa@é@) such as, for
exanpl-tlosb QRsippagd aaladc efeanat IQOdeemEsefn[s)thnea'hcglnbst" feature on active

g RSSO v B T S e w2t
v SEREAGR AR RIS DTG g,

be Ik det(ve Wafersan can hodudel aal eictoelcetrapio salbserateh dixamples of some
sol vents. 25 T&)l cal baking woul d be at tenperatures
possiffe faciie abglirs 8d2 27slwde dhepcprseicatedbl Pt r Yin aBppr consisting of

mlcrc;e?é)cn%al%cl%m%ﬁ sr?gte}ﬂ @P[:l?g ?ceg’fdlg 1 @nggle%gie%ubstrates (e.g.,cured

out
epoxir blﬁosﬁhtlcm1bn4u©|€,ﬁb§&1€(s®hnth®1pb©\ﬁseﬂ h]@fott mpﬁgj‘sa,mbm)poaﬁd mmconductors
bake will typically be at |east about 5 m

low Ibqhé]reé‘gr@dpxﬁq, ﬂéﬁi@%@]‘gxye@ (&0, mlicog pxige b%]k‘f%mr{dﬁé ion unplant layers,
and Qﬁﬁn £t§$ 081 ﬁfl&ﬁ% LT ?}hﬁlﬁgﬂt fi‘lﬁ%ﬁgn Wiih Bt et@%&cﬁ%egﬁlﬁgm arsenide,

I'nventiveé conposition

germ@@ﬁﬁi &ﬁltaﬂ@ﬁﬁﬁlﬂtaﬁﬂb@hﬂ&d Si(e, thd smikmnms il itweloe@oigsi t i on
by heating at a tenperature of from about 150-300' C
an@alplﬁléﬂ@’ﬁ*éw)l“fh%ﬁba%% surfge 390'Tepictfagtigisnbstiges Ifomprise a

materida sel%g d 99}%9[%6? %mqg ch>J §s$59%§ P$ ?)ﬂ}eg)% é?liag{d&ggsg?llé}ér{ﬁtégfélﬁ}#lﬁgm’ silver,

out Cunder Vacu
and sflich®. m nutes, under a bond force of fromabout 1 to

about 15 kil onewt ons. Fig. 1(a) shows an exenpl ary
st Wekerid a@@ﬁsgrlmsﬁuhgn aiet 4 yie bppdasrtogethesyép lzoalfimgaenwaﬁlélpn layer 24.

Bondg e lfagc p g&éf thAg)%) yYI%I \é@%g&s(%é&?é@%meﬁ%ﬁo%sg gy éaggn applied

an actrve sur

and c&&d%msﬁ)mém&ﬂ 06 OAsRBE®N &€ tHevEigS 1 (EDoh R 184808 )is bonded to
as well as a plurallty of topographical features

activg¢ prifased 8fod axalerdg agrvelljasde berdingbyrliags 2R oIf substratedre Heyike prior art
tapesobonsdlﬂm,cl e)r 23 lijscfc{1 unﬁ?drm (ghemlcally the same) material across its thickness. In other

words, the entire bonding layer 24 is formed of the same composition.

It will be appreciated that, because bonding layer 24 can be applied to active surface 18
by spin-coating, the bonding composition flows into and over the various topographical features.
Furthermore, the bonding layer 24 forms a uniform layer over the topography of active surface
18. To illustrate this point, Fig. 1 shows a plane designated by dashed line 26, at end portion 21
and substantially parallel to back surface 16. The distance from this plane to bonding surface 22

is represented by the thickness "T." The thickness "T" will vary by less than about 8%,
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exanpl e, those designated as 20a-d. Feature 20d

represents the "highest" feature on active surface
wa090bse9 i s, the end portion or surface 21 i sPEUUS1088/068170

from back surface 16 of wafer 12 than the respective

end portions of any other to raphi cal feature on

prefopatflerbyliess then pppiicalo, axte pee waglefr@y less ¢lzam abwet dde aadyeven more

ron ypstr at ssj bl e
prerdyfiy GEGRHaR Ay R ah T el U e R S PRE R oo
congd \%ﬂef‘&c‘kﬁ%e I GRRE]REhI-ORE ﬁf‘ﬁl‘Bbé‘cﬁ‘lEnﬁMﬁﬂhﬁ@ (6MNEN®)processing) of
devi ces, display devices, flexible substrates (e.qg.,
the substede aeghoxy isubst I(hl, e@xeler ol Ipieupnts thrswalet 3 dtthlatﬂmnmrg It will be
app1edzllchcZ@furtfq%sqbag%tp%ca%? g}né% mﬂ%sg%g %SSEhanoc’@PPtl 198H,m prefuably
less #%h 3BourS3d [FOANMbdrb %?éferab%eés‘%hﬁ@%o&ta%eﬁﬁ ARe@fhning, typical
subst rates conprising silicon, alum num tungsten,
backsidagsbvensisg,| ircludieng @hbﬂohm%mphg,nwraegetchlggr aacrhumtalhzatmn may be
tantalum tantalumnitrite, SiGe, and m xtures of the
perforgedgoi ng. Carrier substrate 14 has a bondi ng surface
22Ad\72}ﬂ? )% bs1€; 3t[1% 18R SHURRL 6 BIE IndhticO '391"11 §§t1§ns ﬁ@sfs@srs'aaillumber of
sel ected from the group consisting of pphire
highlgelesirabds prgpasss. Ipuexdnzple ahelayarsmill sxlhkrlekow Olagzd;smg y for vacuum etch
silicon., 2 fer 12 and carrier substr
Procgsssia g[glait 18,91&1 X%I’”m\/‘ihéfik@’ﬁm £ ﬁlbe C@&}}Pﬁé{’;ﬁ()f‘ |1sotﬁ1?<|c<§9é7r4002§%01 2 minutes, the
f I (¥ 3)!
solve?gs';gfrlllrl% éﬂé@éﬁ g \(}éf‘lhé o Cﬁlﬁ&’ W(gxesg r%heg E@trs@@uéﬁ%ékﬁ%éﬁ%@l %0 g S{&%“O minutes
resultslis o fidlesidckdessiclabowel leAshatuant 5%, irhferddilyglesdihar) about 2%, and even

bondi ng | ayer 24 is bonde active surface 18 of \
moreygrbRe R it b PO ot &@fegaéfoa?ééh@zzﬁf Bt Suiihess Zew. Ths,
the diidd fl%%ké &6 k%hé%ﬁeda&)ttem BRGRes Qf;_\gk%jkd@odugx 86° @%ib%l@)ly up to about

uni form (chemcally t sane) erial across
200°Chmokay@sterablynupilabout 226 Gand syeltlhere@mfenablyhmrnd ab'(glt 240°C without

la r24|sforned of the sane, 05|t|on It will be
physigalshapgestos ghepise! reﬁfé@ga%%%%} aaﬁlerFozfxelaﬂleb@e layers will not

softe@BQll LB HedeQeift %érat\ﬁ?ess ﬂ? %&ﬁeeen]r&)dnlﬁ%ﬁ RhOr ?Qétchﬂ‘glso bhex Sposed to polar

|ng co sition ows I nto and ovef the variou
solvehopogr, EP{ﬂMEélbt d &atplereeme of Bt E ferdtonutds h»etlhmnthamtgag

| ayer, 24 forns m | ayer. over the topogr
ac h%@l@umﬁafdaf of b dlr&r layqrg, %%”r'%f—’tIé‘a‘ElFﬂ“éCdrf‘dFﬁt“PmFig’ﬁ’os‘ire to an acid

or ba§@o"f’ﬁaﬂs pzl. 2%‘ %ﬂgg e Xmﬁ yﬁ&\qn% ar{ﬁ1c§§ess d aﬁ&q 15 pm can be

portion 21 ubst an parall el to back
subnetgetlac en &(ﬁdlc'ﬂnﬁ&hzd(esg anneerftraoat sublfusc ptidner iase o di(hgt. % KOH) at

85 CoRT £Rfigds T teh ey o gyng B AR ADOUN ByEHibsepm evaluated

by us%%oagélggebgf?r%x Sgslllgé%(?lga/ls%gﬁ} ZQselvmg the bonding composition layer through

the glass carrier substrate to check for bubbles, voids, etc. Also, bond integrity is maintained if
the active wafer and carrier substrate cannot be separated by hand.

After the desired processing has occurred, the active wafer or substrate can be separated
from the carrier substrate by heating to temperatures of at least about 200°C, preferably at least
about 225°C, and more preferably from about 250°C to about 350°C. These temperature ranges
represent the preferred softening points of the bonding composition layer. This heating will

cause the bonding composition layer to soften and form softened bonding composition layer 24'
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preferably by |ess than about 5% nore preferably by
| ess than about 2% and even nore preferably by |ess
W@ b@s/osdoeut 1% across the [ ength of plane 26 apdI/US2008/068170
substrate 14. The wafer package can then be subjected
to subsequent thinning (or other processing) of the )
as shewgn Fig: (Casatsﬂbv%pmnt the gwo mtn‘)tatem@r ke separapddyeshiding apart. Fig.

fer fter hi_nni
1) PRtk Eb, s BRI e Rl ot £ ARDAERA 59 ana v
slididgefoscds Radul@Be upplalinm dipégfoaraabémlly agssviehano akRWS. SAlternatively,
m and nore pre?erably | ess than about 25 m After
slidinghingyy nqmtdac negesisera) andgastRad mfepi%@@%@istm@e 1 gen brlife! upward (i.e., in

o i1 Bt b PR Yo P FG T I BRE A e hEF LD s TR water

12ﬁb@Mﬁ@§uxam@qqp03|tlons possess a nunber of 10 highly
desirabl e properties. For exanple, the |ayers wl|
exhivbll be ¢W%@1@c@@g§ﬁp@raﬁ@r casm@e amwmh@hed hyrsa@elwéémg and/or lifting
0Si

one Qb gﬁﬁi% 12 {or é%ﬁr&il 4 whéperﬁl ttagnéng 1? K8 heé B %sr@tst nwlB/l st%}é)naly position

so as@ F¢BNhEKRAMNE Bﬁhﬁﬁig'ﬂ@fele*(d: eNbeHpINiak sisuleaesR At NRlling forces
at 200'C for 60 mnutes results in a filmthickness

to W?é“ﬁalr?g@ld@ﬂlbﬁte%% 1$hakhiaeall @/@ccmlehféwékyll%/cqnefglsthrlﬁhmumment

/glli'y bozl%ﬁngoqﬁnzpos 10N ICIBEUPII% iyl h[e & v;.c%I eﬁ?%}l‘ltr k?%%& d/ 1em0ved using the

% or’ even erre

orlgnTeﬂ%b veat thitUgas phdt dfhige ebrh@eitl {5 t& a@nb&eqsheat 80usif) solvents such
emperatures of up to about 190C, preferably up to

as XWB@M MPgut dimehy} wilipiisice Aap Fgmppsition ramamm& u@l widlrhg completely
d1ss0?xﬁ%gfttgg [Fa Oélgt)g‘[/ablaéel uﬁ%aglgﬁsg Iagg%ta)@ ({?’i SH@A g&oa? p ‘eﬁedat?lx about 100%)

after 1Sh1€5 ayeds- o[ﬁ&@oﬁ?ﬁ@[ﬂ)ﬂ@,sotv@& | RYL41S0 Wedeptab@ to BRbLE ANy remaining
bel ow these tenperatures. |In sone enbodi nents, the

bond,ua;pgrnyos;@nn ubigga blsog pebedtheioalpag errin C@gbm@mlsw(ﬂ@ agolyent removal

procq et s 25 TR E eI CBRR T i e 0P B8 e 14 ot
showfan (iR dI®inNiab Rl @MAM. Upon exposure to an acid or
base. That is, a dried layer of the conposition having

a thickness of about 15 hm can be subnerged in an
acidic nedia (e.qg., n sul furic acid) or
base (e.g., 30 wt. 96K£}§§§$?§ for about 45 m nutes

V\'hTﬂeefoHH'lVMgaéxﬁhﬁ‘)%sQ@{‘fén‘ﬂhrﬂr@[gfrb(ﬁ YoetBRBGL bwo?cgihbé yvnﬁalﬂe invention,
be evaluated by using a glass carrier substrate and

It is toi @ulaideyst(mds éDWISVKg, thiae tHeen dxangplenmpasdtitled by ayagrof illustration and
t hr.ou g | ass arrler sub§trate to check for
nothné}EI m%g S Q}B?R %ta pasa Tg@il@lb HR ﬁ]ﬁtogﬁrra ts§01?esof the invention.
maintained if the active wafer and carrier substrate
cannot be separated by hand. After the desired
processi ng has occurred,EXABREd i ve wafer or substrate
can be separ.ated
p%lsphenol A-Dianhydride-co-1,3-Phenylenediamine
Oligomers End-Terminated with 2,6-Dimethyl Aniline
In this procedure, 4,4'-bisphenol-A-dianhydride (BPADA, 57.25 grams, 0.011 moles),
m-phenylene diamine (10.81 grams, 0.01 mol), and 2.6-dimethyl aniline (2.42 grams, 0.02 mol)
were dissolved in N-methyl-2-pyrrolidone up to a final concentration of 15 wt. % of BPADA.

The solution was allowed to stir at room temperature under an inert atmosphere for 12 hours.
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fromthe carrier substrate by heating to tenperatures
of at |east about 200'C, preferably at |east about
wQ22@vap3oand nore preferably from about 250" C t BCHOS2008/068170
350" C. These tenperature ranges 30 represent the
preferred softening points of the bonding conposition ,
Xylehayds.17 griings) veast dddgd v [the regaltisg aphie apignelipn to form an azeotropic

soluti()gﬂ:g gcgr{l%\i{eg\ﬁnatl?rg zlﬁlgtélg}iﬁ ga&lt?g%%g%l(éﬁ égg%aggltg%ﬂee%l&?o%qg "80°C foran
additfal{ UBROAS/ PR8LLiAS 115 IeWBIutibn Kiad spik (Bdted af 1,900 FItn for 60 seconds

poi nt the two substrates can be separated by sliding
to foapapitd-fr¢d, gomod{repualibis. shows an axi s 28, whi ch passes
t hrough both of wafer 12 and substrate 14, and the
sliding forces would be applied in a direction
generally transverse to axis 28. Alternatively,

CﬁLioiqg may not be necesEary, and ingtead wafer 12 or 5 HsC

substr 14 can be Ii d upwand (i in5a

y that |s-gen N Héﬁ:ﬁ§‘§§$31<fii jiliN iij
wafer A2 &@%@F@lq)to eparat® th raAP O HC
fromthe substrate 14. It will bDen appreciated that
separation can be acconplished by sinply sliding
and/or lifting one of wafer 12 or substrate 14 while
mai ntai ning the other in_a substantially stationary
position so as to resiS@Xﬁﬁgqéiﬁding or lifting force
(e.g., by l,REASH Qs | hidi ng
forces 10%?%&*%?%@]?%H%%%Q%S%é%??@%%@%%ﬁﬁ#Lﬁ% can al
be acconpl i skegomicas BahVaniihaadivitquBpyEAinindAny
bondj ng conposition renmaining in the devic eas can
el N8 PP b isRHST g KSR i P 2561, BAT | PRlR)-Hsghenylene
: r ] N1 AN R O [ : :
iamBRCHRT sp1 e, RS B a2, 0ot e dissolved in
N-m&hyIEDyindeidoAnypcoapioal ddnoentrationiofiil fgvtbehifitP ADAL The solution was

conpl etely dissol ved éat |.east about 98% preferably
allovied 19 FH IO IHMPSTYYIC ARETIB AR b BOSRIEET §>r 1861 86y tnfstage. the

- a o o, . . o .

resulg{lé}g&ggglég tag?g;ﬂééc;h?%onf g&gég@e}n%y?erntg ?%é% E?ghléﬁqsk’; gﬁ% Imrl]l{él'ize'd%pon heating
to 18000odétd giropsi pggafpladdinanadti@houed.t her al one or in
conbination wth a solvent renoval process. After
this step, a clean, bonding conposition-free wafer 12
and carrier substrate 14 (not shown in their clean
state) will remain. 20 EXAMPLES The foll ow ng
exanpl es set forth preferred nethods_in accordance

with the%inventi on. It 1§ to be undgrstood, howeve Q
HsC(Fﬂd@&r—rhégﬁxa | esar By de N of N—(CH2)sCHs
iIIustraﬂ(Npéé§4;%>“0 0 © O*C>%'€>_O ©
n
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not hing therein should be taken as a limtation upon

the overall scope of the invention. 25 EXAMPLE |
w@e@plhened - A- Di anhydri de- co-1, 3 - Phenyl enedi anP@BUS2008/068170

A igonmers End-Termnated with 2,6-Dinmethyl Aniline In

this procedure, 4,4'-bisphenol -A-di anhydri de (BPADA,
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EXAMPLE 4
Bisphenol-A-Dianhydride-co-1,3-Phenylenediamine-co-2-Methyl-
1,5-Pentanediamine Oligomers End-Terminated with 2,6-Dimethyl Aniline

In this example, 4,4'-bisphenol-A-dianhydride (57.25 grams, 0.011 moles), m-phenylene
diamine (7.57 grams, 0.007 mol), 2-methyl-1,5-pentanediamine (0.348 grams, 0.003 mol,
commercially available from Invista under trade name of DYTEK-A), and 2.6-dimethyl aniline
(2.42 grams, 0.02 mol) were dissolved in N-methyl-2-pyrrolidone up to a final concentration of
15 wt. % of BPADA. The solution was allowed to stir at room temperature under an inert
atmosphere for 12 hours. Xylene (38.17 grams) was added to the resulting amic acid solution
to form an azeotropic solution to remove water during imidization, carried out by heating the
solution to 180°C for an additional 12 hours. The resulting imide solution was spin coated at

appropriate speed to form void-free, homogeneous films.
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EXAMPLE 4

Bi sphenol - A- Di anhydri de-%%‘f\M@EDﬁenyl enedi am ne- co-2- M

et hyks oLy 5 FaE .l PREE S ERds Fek b RAt
o b Sk e 0o aange 3 S g s
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mol es), mphenylene djapine (7.57 grams, 0.007 nol),
2- et hyl - 1, 5- pent aneéﬁl%ﬁp %0“.‘@“1@“8‘? ams, 0.003 nol,

In this procedure, trimellitic anhydride chloride (0.447 grams, 2.12 mmol),
2,2-bis[4-(4-aminophenoxy) phenyl] propane (2.0 grams, 4.87 mmol), and triethylamine (0.257
grams, 2.54 mmol) were dissolved in N-methyl-2-pyrrolidone at 0-5°C to a concentration of
15 wt. % of the total amount of all monomers. The solution was allowed to stir at 0-5°C under
an inert atmosphere for 2 hours. Next, 4,4'-bisphenol-A-dianhydride (1.105 grams, 2.12 mmol),
phthalic anhydride (0.199 grams, 1.34 mmol), and additional N-methyl-2-pyrrolidone were added
to a final concentration of 15 wt. %. The solution was stirred at room temperature under an inert
atmosphere for 20 hours. The resulting precipitate (tricthylamine chloride) was filtered, and
xylene (2.5 grams) was added to the amic-acid solution to form an azeotropic solution to remove
water during imidization, which was carried out by heating the solution to 180°C for an
additional 12 hours. The structure of the polymer is shown below. The resulting amide-imide

solution was spin coated at appropriate speed to form void-free, homogeneous films.

I WNINI. mes
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heating the 25 solution to 180C for an additional 12
hours. The resulting imde solution was spin coated at
appropriate speed to formvoid-free, honobgeneous
films. 15 WD 2009/ 003029 PCT/ US2008/ 068170 O O H3C p
pO pN NN NO.7 0.3 00~~(r)O0O 1130 NO O OOO
CH3 CH3 EXAMPLE 5 Trinellitic Anhydride
Chl ori de- co 2, 2- Bi s[ 4- (4E¥rkiMidghénoxy) Phenyl] 5

P opane; c0q B SRIENel. Dt ant ST R TR hpenory)
pr oceﬁw@ 1) Iirabem%lcb igoh{émaﬁh‘d’ deirfifacbhail EndQ Adifaride

gr ans, 4- (4-a. m nophenoxy)
phle\nyﬂh}s meapap\le, (Qnﬂelghamnhy{,‘hﬁe mimdride add grams, 4.7 mmol),
trleth l.am.n

22t R Do b P R 2 54T 0.0 R e e R ine (0.571

g,rameS 89 nillﬁol%ele/‘éii@gol@é?ﬁmtﬁllﬁéthﬁ@%olecn@l 015@ QOIB! Soncentration of
he solution was allowed to stir  at 0-5'C under an

15 wi. r%r t Thet mb\gpjmew@ ﬂ&n'wezl foottir st ONEX undel an inert atmosphere for 1 hour.

Phtheﬁic anhyc{ucfe): ?& el d grams, 285&}{1110 ) and gxcil'dltl onal ﬁrlllg%yl 3 pynoflrgr(%e were added

to a final concentration of 15 wt. %. The solution was stirred at room temperature under an inert
atmosphere for 20 hours. The resulting precipitate (triethylamine chloride) was filtered, and
xylene (2.6 grams) was added to the amic-acid solution to form an azeotropic solution to remove
water during imidization, which was carried out by heating the solution to 180°C for additional
12 hours. The resulting amide-imide solution was spin coated at appropriate speed to form void-

free, homogeneous films.

]
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addi tional N-nethyl-2-pyrrolidone were added to a

W0 pevaboencentrati on of 15 wt. % The sol uti onP@EES2008/068170
stirred at roomtenperature under an inert atnosphere
for 20 hours. The resulting precipitate (triethylam ne
chloride) was filtered, BXAMME XYl ene (2.5 grans) was

201wt | onf NGB0 E s O T T S TR o
was car rﬁﬁ%‘zir%wg zgc}{né}gghﬁ NGkl | Pﬁ’t‘ﬁﬁ @Aﬁ%d‘c or an

addi ti ona e structure of e polymer is
shawnhigelpaaediiee niasdlifid ngbgdiide- drodde @t dramswas28  mmol),
spin coated at appropriate speed to formyvy

1,3- Hﬁﬁﬁﬁ@@ﬁ@@l@g(}ﬁ)@@gmlﬁ (Brmmgremnl @qulp?le f]om Q?%@&%E?E(jgmpany, Inc.
unde %516)6}361% %AE!BBBS, )18 géggglj?%ygx%%a})d]t%%tﬁ%%lﬂin&((%Q% Srams, 3.93

mmoE)Q@eQé AB3O2&d ﬁ@%ﬂéﬁ%@%}é}@ﬁﬂmﬁﬁe atR)- EXANPLE B eirdtivaldfil § me. %. The
Anhydri de Chl ori de-co- s[ 4- (4- Am nopheno h
solutioraryalloped farie ‘“@OTSg&ﬁé}d§r AT HRRREE O PG Haip gnhydride

(0.04’§‘ﬁ %%ﬁégﬁgiqugp;%’s @@&Bﬁ:ﬂ-ﬁ&ﬁﬂ-&ﬁdlﬁoﬁ@ WY& 1288ed to a final

concéht&t‘thS({Ml-S( 4rami. napbeonxiph wienykdd @lf ﬁm&neelmﬁﬂdtﬁﬁk under an inert
gr ans mmol ), and triethylamne (
atmosphgze Fnﬁn?& hougser Eheiresglting @Eeciitake %@thyhaﬁ?ﬂf‘p?ﬂ%ﬂ@d@?eﬁ“ered and

xylem%t (51029'5 g';lg{msg Was %8@&? Q);{h@@_ngg agfcd so]lﬁlo"\it to %‘1 mTJheaz%‘a H}élh QBlution to

to°s under an i nert atnosp
remol@kvafer Aatihg imiBhvhbtiah, icarrd ydby et tw38hgioans | 8(X. C9ﬁ>r an additional
mol ) and addi ti onal N- net hyl - 2- pyrrol i done were added
12 hopss. tTde gesultinglanigeréaide salution Wes spisCqgied ajgiprmprialg pRAcH ghform void-
stirre room tenperature under an inert
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T

EXAMPLE 8
Amide Capped Disiloxane-co-2,2-Bis[4-(4-Aminophenoxy) phenyl] propane-co-Trimellitic
Anhydride Chloride Oligomers End-Terminated with Phthalic Anhydride
In this procedure, trimellitic anhydride chloride (1.149 grams, 5.46 mmol),
1,3-bis(3-aminopropyl) tetramethyl disiloxane (0.226 grams, 0.91 mmol), and triethylamine
(0.663 grams, 6.55 mmol) were dissolved in N-methyl-2-pyrrolidone/THF cosolvent (70/30 vol)
at 0-5°C to a concentration of 15 wt. %. The solution was allowed to stir at 0-5°C under an inert
atmosphere for 12 hours. Next, 2,2-Bis[4-(4-aminophenoxy) phenyl] propane (2.0 grams, 4.87
mmol), phthalic anhydride (0.108 grams, 0.729 mmol), and additional N-methyl-2-pyrrolidone
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xyl ene (2.6 grans) was added to the antic-acid

solution to forman azeotropic solution to renove
wW@a0e003ey i ng i m di zati on, which was carri ed oRCT/B§2008/068170

heating the solution to 180 C for additional 12
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under trade nane of APB-133, 1.0 grans, 3.42 mol),
and triethylamne (0.398 grans, 3.93 nmol) were
di ssolved in N—nethyl 2-pyrrolidone at 0-5 Gto a
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Addi t i offal N- net hyl - 2 pyrrolldone wer e added to a

final 10 concentration of 15 wt. % The spolu S
stirred at roomtenperature under ah i © ”'-@
for 20 hours. The resulting precipitate (triethylam ne
chloride) was filtered, and xylene (1.29 grans) was
added to the amc-acid solution to forman azeotropic
solution to renove wate i mdization, carried
out by heating the solutﬁ%%ﬂphﬁg OC for an additional

12 nkidel Cappetineis esdile tcoriy2-Bi3 [d 44 Ath e phalody ) slitnyd préfahé-co-
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In this procedure, trimellitic anhydride chloride (0.372 grams, 1.77 mmol),
1,3-bis(3-aminopropyl) tetramethyl disiloxane (0.220 grams, 0.89 mmol), and triethylamine
(0.215 grams, 2.12 mmol) were dissolved in N-methyl-2-pyrrolidone/THF cosolvent (70/30 vol)
at 0-5°C to a concentration of 15 wt. %. The solution was allowed to stir at 0-5°C under an inert
atmosphere for 12 hours. Next, 2,2-Bis[4-(4-aminophenoxy) phenyl] propane (2.0 grams, 4.87
mmol), 4,4'-Bisphenol-A-dianhydride (1.840 grams, 3.54mmol), phthalic anhydride (0.141
grams, 0.95 mmol), and additional N-methyl-2-pyrrolidone were added to a final concentration
of 15 wt. %. The solution was stirred at room temperature under an inert atmosphere for 12
hours. The resulting precipitate (triethylamine chloride) was filtered, and xylene (3.0 grams) was
added to the amic-acid solution to form an azeotropic solution to remove water during
imidization, which was carried out by heating the solution to 180°C for an additional 12 hours.

The resulting amide-imide-siloxane solution was spin coated at 1,500 rpm for 60 seconds to form

void-free, homogeneous films.
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0-5"Cto a concentration of 15 m. % e solution was

allowed to stir at 0-5" C under an inert 25 atnosphere
for 12 hours. Next, 2,2-Bis[4-(4-am nophenoxy) phenyl]
propane (2.0 grans, 4.87 mmol), phthalic anhydride
(0.108 grams, 0.729 nmol), and additiona

N- net hyl - 2- pyrrol i done 18 WO 2009/ 003029

PCT/ US2008/ 068170 wer e ragddes; 02 final concentration
of 15 . % The solution was stirred at room

AmngeeC giped &olydidlexarsncd- h,érBis[ait—(ﬁaSmﬁlmpﬁexﬁcody) ﬂnﬁed‘yd)]lp’ISpane -co-

esul ti recipitate (trie hylanln chl or |
i iy AdaR O Rele Hesmyrohad T mtnag SR An ride
a t j
VST B YL BT 8¢ 0B 9L ffroron
termibgtedh @abfdngethﬁalcsmhcl(qoom1¢r01a5y 480laGlef foom alel@addind. ) @A) grams 0.47

L T R R S R
N~mé{l%ill%%ilﬁﬁ@Oh?ﬂ?‘Pﬂ%@&U&ﬁf(M/ BB vol SO (43 GhQt@tioPo @5tk %. The
solution was allowed to stir at 0-5°C under an inert atmosphere for 12 hours. Next,
2,2-Bis[4-(4-aminophenoxy) phenyl] propane (2.0 grams, 4.87 mmol), phthalic anhydride (0.063
grams, 0.425 mmol), and additional N-methyl-2-pyrrolidone were added to a final concentration
of 15 wt. %. The solution was stirred at room temperature under an inert atmosphere for
12 hours. The resulting precipitate (triethylamine chloride) was filtered, and xylene (2.4 grams)
was added to the amic-acid solution to form an azeotropic solution to remove water during
imidization, which was carried out by heating the solution to 180°C for additional 12 hours. The
resulting amide-imide-siloxane solution was spin coated at 1,500 rpm for 60 seconds to form

void-free, homogeneous films.
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Table | - Properties of Examples 1 and 3

EXAMPLE VISCOSITY Softening Temperature | Molecular Weight T,
(Pa-S, 350°C) (in °C at 3,000 Pa-S) (M,,, Daltons) (°C)

1 50 210 10,800 161
3 15 210 6,100 152
EXAMPLE 13

Analysis of the Adhesives - Polyamideimides
The compositions of the amideimide polymers from Examples 5-7 have aromatic amines
that have ether or alkane linkages. As a result, the materials have low softening points, glass
transition temperatures, and melt viscosities. The rheology data of the example materials are
shown in Fig. 3. The viscosity, softening point, and T, of the examples are reported in Table 2,
and all these materials have been successfully tested for de-bonding. Further studies on thermal

stability and chemical resistance have been carried out on these compositions. All of these
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precipitate (triethylamne chloride) was filtered, and
xyl ene (2.4 grans) was added to the am c-acid
solution to forman azeotropic solution to renove

water during imdizati %?%AOM%L 14Was carried out by
heating the solution to or additional 12 hours.

The resukhiings afmndexdhebides sPbigramalcsaldatSitxangs spin
coated at 1,500 rpmfor 60 seconds to form void-free
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molecul@dy. 20 a\Wu200R/s00:30R ANRCTUSARBGBATBe change and prevented from
introducing phase separation. This effect is shown below. The viscosities, softening points, and
T, of the examples are reported in Table 3, and all of these materials were successfully tested for
de-bonding. Further studies on thermal stability and chemical resistance have been carried out
on these compositions. All of these compositions possess the required thermal stability at least

up to 350°C and exhibit minimal out-gassing (<0.5 wt. %).
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EXAMPLE 11 Application, Bonding, and Debondi ng The
formul ati ons from Exanples 1 through 10 were
wapinoewed ed onto various substrate wafers. APCEDS2008/068170

baki ng to evaporate the solvent, a second wafer was
bonded to each coated wafer 5 by applying pressure.
The typical procedure for tenporary wafer bondi ng
usi ng these adhesives is shown in Fig. 2. The bonded
wafers were tested for mechanical strength, therma

Table B alirppertyes cikamples bl r esi st ance. The waf ers were

EXA%IL%C{ gf hdi ng Eﬂen@nual ly E)iX) theml\?(ﬁecuEan T,
at ,ep§ € t“npetlem%elatﬁ 10 Is@[ﬁé{ma

Yatam | ¢
t he Adwes PO fsgg "
point déloin) of (Lp rmmhnq f )mq of l‘£?<l4n‘]rjmf es | H"ﬁ’ S)'%
age r=porMad in Table 1@)and aII thﬁﬁg%naterlah§ompre 197

buubbb:fuiiy tested—for—de=- UUHUIIQ. Futr-thef oLuunco

o thermal 6dtability an&3cheni cal résﬂﬁ%ance meﬂeom) 150

carriefl ouf hese T olr. conpos)it1ons.
1 ?TI ahs Inncsg{?qed t he reozu%Qr?’é‘bl t hier mﬁ?ooo 150

t Nese “ﬂnh“u
stability of at |east up to 350C and exhi bited

m nimal out-gassing (<0.5 w. % . Table 1 - Properties
of Exanples | and 3 EXAMPLE VI SCOSI TY Sof t eni ng

Tenper ature Ml ecul ar Weisgwpf@ 15(Pa-S, 350C) (in C at
3,000 Pa-S) (M Daltons) (C) 20 1 50 210 10,800 161 3
15 Zﬂf@nﬁuilic@\rﬂlsdlidﬁxmdecé?Z EBisM}a] Ysiisopfenbkg Phenyl]

Adhesi ves - conpositions of the
anide:xide 6§?§> qfﬂg%?ﬁié ARy dside Qligomess onat i ¢
anmines that hayg. mﬁﬁ{at&rw@k bﬂﬂglf\& hRkAgRR- As a

result, the materials have | ow so tenlng poi nts, gl ass
t rlamséllitioaniyeimde plafbudce@., Q%rgﬂarmal 10.66irs108i2t 1-Bés[4- '(hﬁl_ninophenoxy)

phen;&ﬁlgﬁ"(gl%%lrﬂgtg%ng% 83 q? )xfnmg ,fétl ﬁpﬂ%}e/]}rg%ﬁ%ﬁs (1%2?%&&%88 \gdf% 79Hgmol) were
dlssoﬁl)ééﬂpNQﬁetﬁ%IQ b?@@l‘i&o‘ﬁg al L57@kb chnccﬁgdtmdoff"’l% wit 1€5&e solution was

terials have” been successfu teste
allowde togimai O:g.” Cl-ilmdthenn&t stthosphaya f(tl Heromal Bisphenol-A-dianhydride (5.550

grams, 10.66 mmol), phthalic anhydride (0.555 grams, 3.74 mmol), and additional
N-methyl-2-pyrrolidone were added to a final concentration of 15 wt. %. The solution was
stirred at room temperature under an inert atmosphere for 20 hours. The resulting precipitate
(triethylamine chloride) was filtered, and xylene (6.2 grams) was added to the amic-acid solution
to form an azeotropic solution to remove water during imidization, carried out by heating the
solution to 180°C for an additional 12 hours. The resulting amide-imide solution was spin

coated at 1,500 rpm for 60 seconds to form void-free, homogeneous films.

@f: o nth i@# % ¢@K o©$:>35‘ “¢©
- Oe0to-d
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stability and chem cal resistance have been carried

out on these conpositions. Al of these 21 WO
WQeIN@O3D29 PCT/ US2008/ 068170 conposi ti ons pRCHESH08/068170

the required thernmal stability at least up to 350'C

and exhibit mniml out- gassing (<0.5 w. % . Table 2

- Properties of Exanples 5-7 5 EXAMPLE VI SCCSI TY

Sof teni ng Wi ght Loss Mpegmipai 1@ (Pa- S,
Temperature (Isothermal at Weight (M,, (C) 3500 (in

C at 33161&@115’]%8)161815@1@(1&@[) 22 )- (D&‘lmmnpl)elﬁxiﬂ’l%&]

1. 337% 6, %8% 6 1 82 1.5 i\;{;)ét? g) 195 37 255

2.218% 6 ng §3i2oqgrsgy TEjge hgxyl EUP?éﬂe

Adhesi ve il e

Cgltrfrl'pggllgt ) borclzgag% (,ﬁg' ﬁ%l‘%legl A?eéu% Etggfty rarn%s f20 40 mmol),
2,2- ]EX[QF@LMHSpr@oxﬁCﬂ)hstdﬁl] saifbx éhe thl’mhd, Sl 8t5hﬁlﬁnc&)‘ endagpetexylamine

rou whi ch form hydrogen bonding inter-
0. 39§|&§alp§,t4r%mn W%lleé]&jﬁplgﬁdﬂ vl NAgetgyerg§m1@hdqnﬁé1p§q) B dalheoncentration

of 1 O#’!r;vb%s' §ol 81“38!1 ahe glllld‘v@e% tha”ﬁ?ct)oqp %%:%}fﬁﬂr% ?}flgr '}%rlhsgatmosphew for

mintro ase separa

12 hahowylbed QB0 gfelilﬁs)\ﬂﬂv"&(aﬁsm ol resufib@nhidghcdionltfon iBBEHer to form an
T9 of t he exanples are reported in Table 3, and all of
azeolrgpig solpHpi 9 MY vRerater yEing gg}pd}ga}t&pnt g/gtcédqucqamed out by heating the

SOIU‘[%EI et?n%@b@%l FHEGRRS I%ﬁlg s es’lhgr}eguhtﬂgrghdg %&Bh ﬂs \ﬁer%régm coated at

resi stanc

1,50 gpmpasi(t scomsds télfbrnofoill ies Gosoapasut fibns possess the
required thermal stability at least 20 up to 350C and
exhibit.m'nirml out gassing(<05vvt % OH3 iH3 O

EXAMPLE 17
Bisphenol-A-Dianhydride-co-2,4,6-Trimethyl-m-Phenylenediamine-co-
2-Methyl-1,5-Pentanediamine Oligomers End-Terminated with 2,6-Dimethyl Aniline

In this Example, 4.4'-Bisphenol-A-dianhydride (20.0 grams, 38.43 mmol),
2,4,6-trimethyl-m-phenylene diamine (0.811 grams, 5.40 mmol), 2-Methyl-1,5-Pentanediamine
(commercially available from Invista under trade name of Dytek-A, 3.556 grams, 30.60 mmol),
and 2.6-dimethyl aniline (0.609 grams, 5.03 mmol) were dissolved in N-methyl-2-pyrrolidone
up to a final concentration of 10 wt. %. The solution was allowed to stir at room temperature
under an inert atmosphere for 12 hours. Xylene (16.6 grams) was added to the resulting
amic-acid solution in order to form an azeotropic solution to remove water during imidization,
which was carried out by heating the solution to 180°C for an additional 12 hours. The resulting
imide solutions were spin coated at 1,500 rpm at 60 seconds to form void-free, homogeneous

films.
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O OlIl CHBCHB OO 4 XNOCN--CHi-OSI-~CH2 Nu O
N1HGHI3 GiB HO 30 22 W 2009/ 003029

wWEINLNERRD8/ 068170 Table 3 - Prop erties of BreEmNpbmes/ 068170

CHs

8- 10 EXAMPLE VI SCCSI TY Softeni ng Wi ght Loss Mol ecul ar
Tg (Pa-S, Tenperature (lsothermal at Weight (M,, (O
3500 (in Cat 3,000 Pa-S) 350C for 4 firs) Daltons) 5

8 44 260 4{?5% éQ) 000 197 ;357 53 1.407% 10, 000 150 e
10 1017 00_15 0 LE ° /@
Trimeld,i Anby doi d@ N %@—}—Q o e
Chlorﬁgé;co 2, 2- Bi s[ 4- (3- Am nophenoxy Shenyl] ’

Sul f onee- co- Bi sphenol - A- Di anhydri de Qi goners

End-@krm nated with Phthalic Anhydride Trinellitic

ride chloride (2.245 granms, 10.66

), 2, 2-Bi s[ 4-(3-am nophenoxy) 15 phenyl] sul fone

(10 O grans, 23.12 mmol), and triethylamne (1.294

grans 12.79 mmol ) were dissolved in

N- net hyl - 2-pyrrolidone at 0-5" Cto a concentration of

15 wt. % The solution was allowed to stir at 0-5C

under an inert atnosphere for 1 hour.

Bi sphenol - A- di anhydri de (5.550 grans, 10.66 mol),

pht hal i ¢ anhydri de (O 555 granms, 3.74 nmol ), and

addi tional N-nethyl - E&frolldone were added to a

final concentration of AMPLEI8The sol ution was 20

stirre r ere

For 20 HouePATRLATREN R s DR Aph 5T SutbiEnaii:
Methyl-1,5-Pentanediamine Oligomers End-Terminated with Cyclohexylamine

In this procedure, 4,4'-Bisphenol-A-dianhydride (10.0 grams, 19.2 mmol),

3,3'-diaminodiphenyl sulfone (2.220 grams, 8.9 mmol), 2-Methyl-1,5-Pentanediamine

(commercially available from Invista under trade name of Dytek-A, 1.039 grams, 8.9 mmol), and

cyclohexylamine (0.273 grams, 2.8 mmol) were dissolved in N-methyl-2-pyrrolidone up to a

final concentration of 10 wt. %. The solution was allowed to stir at room temperature under an

inert atmosphere for 12 hours. Xylene (9.0 grams) was added to the resulting amic-acid solution

in order to form an azeotropic solution to remove water during imidization, carried out by heating

the solution to 180°C for additional 12 hours. The resulting imide solutions were spin coated

at 1,500 rpm at 60 seconds to form void-free, homogeneous films.
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(triethylamne chloride) was filtered, and xylene (6.2
grans) was added to the amc-acid solution to forman
W@2@0000p¢ c solution to renove water during  PCT/US2008/068170

i mdization, carried out by heating the solution to

180C for an additional 12 hours. The resulting

am de-imde solution was spin coated at 1,500 rpm for

60 seconds to formvoi d-free, honbgeneous filns. 25 O ):>

O00 OONRN ,CORNIt ~a+ /0 NRRNO COOO0/ N

00.5p Il 0L500R=000- -00 O 23 W O

2009/ 003029 PCT/ US2008/ 068170 EXAMPLE 16 O

Bi sphenol - A- Di anhydri de- co- 2, 2- Bi s[ 4- (4- Ami nophenoxy

Phenyl] Sulfone Aigonmers End-Term nated with

Cycl ohexylamne 5 In this procedure, 0 o

4, 4" - Bi sphenol - A-di anhydri de (10.624 gra

nmol ), 2, 2-Bi s[4-(4-am nophenoxy) phenyl ]

(8.0 granms, 18.5 mmol ), and cycl ohexykamjne \ €0. 399

grans, 4.0 mmol) were dissolved i

nmet hyl - 2-pyrrolidone up to a fi N-toncentration of

N% O wt. % The solution was all owe@)to stir at room

O nperature under an inert atnosphere for 12 hours.
| ene (12.0 grans) was added_t@Ythe resulting
a -acid solution in order orman 10 azeotropic

SO ion to renove ter~du g imdization, which was
carri out by heating e© solution to 180C for

addi ti on 2 hours. eOresulting i mde sol utions
were spin teq at X 1,500 rpmat 60 seconds to form

void free ho

*films. OLONOy }..--- p
N-0-O & 0--0 N §

EXAMPLE 19
Bisphenol-A-Dianhydride-co-2,4,6-Trimethyl-m-Phenylenediamine-co-
1,2-Diaminocyclohexane Oligomers End-Terminated with Cyclohexylamine

In this Example, 4,4-Bisphenol-A-dianhydride (10.0 grams, 19.2 mmol),
2.4,6-trimethyl-m-phenylenediamine (0.663 grams, 4.42 mmol), 1,2-diaminocyclohexane (1.514
grams, 13.26 mmol), and cyclohexylamine (0.317 grams, 3.2 mmol) were dissolved in
N-methyl-2-pyrrolidone up to a final concentration of 10 wt. %. The solution was allowed to stir
at room temperature under an inert atmosphere for 12 hours. Xylene (8.3 grams) was added to
the resulting amic-acid solution in order to form an azeotropic solution to remove water during
imidization, carried out by heating the solution to 180°C for an additional 12 hours. The
resulting imide solutions were spin coated at 1,500 rpm for 60 seconds to form void-free,

homogeneous films.
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15 EXAMPLE 17
Bi sphenol - A- Di anhydri de-co- 2, 4, 6- Tri net hyl - m Phenyl ene
walc@aesseo- 2- Met hyl - 1, 5- Pent anedi am ne O i goP&F/5S2008/068170
End- Term nated with 2,6-Dinethyl Aniline In this
Exanpl e, 4, 4'-Bi sphenol - A-di anhydri de (20.0 grans,
38.43 mmol ), 2,4, 6-tinethyl-mphenyl ene di am ne
(0.811 grams, 5.40 mol), 2-N@thy|-1,5-Pentanediani§:>
20 onnercially avai |l abl e from I nvista under trade
na Dyt ek-A, 3.556 grams, 30.60 mmol), and Os¢N
thyl aniline (0.609 grams, 5.03 nmol) wer O
dh kyed in Nnethyl-2-pyrrolidone up to a fina
co%ggntratlon of 10 wt. % The solution was allowedto
at room tenperature wunder an inert atnosph
12 hours. Xylene (16.6 grans) was added to th
r@@ulting am c-acid solution in order to forma

0 di zation, 25 which was carried out by heati t he
SQD tion to 180' C for an additional 12 hour e
re.ultlng i mi de sol utions were spin coat@d &t 1,500
t 60 seconds to formvoid-free, honpbgenevus

EXAMPLE 20
Bisphenol-A-Dianhydride-co-2,4,6-Trimethyl-m-Phenylenediamine-co-4,4'-
Methylene-Bis-Cyclohexylamine Oligomers End-Terminated with Cyclohexylamine

In this procedure, 4,4'-Bisphenol-A-dianhydride (10.0 grams, 19.2 mmol),
2,4,6-trimethyl-m-phenylenediamine (0.657 grams, 4.38 mmol),
4,4'-methylene-bis-cyclohexylamine (2.762 grams, 13.13 mmol), and cyclohexylamine (0.355
grams, 3.58 mmol) were dissolved in N-methyl-2-pyrrolidone up to a final concentration of
10 wt. %. The solution was allowed to stir at room temperature under an inert atmosphere for
12 hours. Xylene (9.2 grams) was added to the resulting amic-acid solution in order to form an
azeotropic solution to remove water during imidization, which was carried out by heating the
solution to 180°C for an additional 12 hours. The resulting imide solutions were spin coated at

1,500 rpm for 60 seconds to form void-free, homogeneous films.
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5 Met hyl -1, 5- Pent anedi am ne A igonmers End- Ter m nat ed
wi th Cycl ohexylam ne In this procedure,
wa2e0eiogphenol - A- di anhydride (10.0 grans, 19.PCHOS2I0§/068170
3, 3" -di am nodi phenyl sul fone (2.220 grans, 8.9 nmol),
2- Met hyl - 1, 5- Pent anedi am ne (comercially avail abl e
fromlnvista under trade nane of Dytek-A, 1.039 grans,
8.9 nunol), and cycl ohexyl am ne (0.273 granms, 2.8
nol ) were dissolved in N-nethyl-2-pyrrolidone up to a
10 final concentration of 10 wt. % The solution was
allowed to stir at roomtenperature under an inert
at nrosphere for 12 hours. Xylene (9.0 grans) was added
to the resulting amc-acid solution in order to form
an azeotropic solution to renove water during
i mdization, carried out by heating the solution to d
180C for additional 12 hours. The resulting imde OJQT
solutions were spin coated at 1,500 rpmat 60 seconds N~O
to formvoid-free, honogeneous filnms. 15 25 WO ke
202009/003029 PCTtU8200840681 o 0 No O O 110 JaNo 9 S

N T, ﬁ N Qﬂ}iN

EXAMPLE 21
The viscosity, softening point, and T, of the compositions of Examples 15, 16, 19, and
20 are reported in Table 4, while the values of the compositions of Examples 17-18 are reported
in Table 5. Further studies on thermal stability and chemical resistance were carried out on these
compositions. All of these compositions possessed the required thermal stability of at least up

to 350°C and exhibited minimal out-gassing (<0.5 wt. %).

Table 4 - Properties of Examples 15-16 and 19-20
EXAMPLE | VISCOSITY Softening Weight Loss Molecular T,

(Pa-S, Temperature (Isothermal at Weight (Mn, | (°C)
350°C) (in °C at 3,000 Pa-S) 350°C for 4 hrs) Daltons)

15 4.943 240 1.420% 3,940 176

16 169.6 299 0.1740% 19,800 207

19 0.796 239 3.173% 4,780 185

20 29.47 273 0.866% 9,810 202
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p | OONO ONbDb-11 fi S O EXAMPLE 19
Bi sphenol - A- Di anhydri de-co- 2, 4, 6- Tri net hyl - m Phenyl ene

End- Term nated with Cycl ohexylarnine In this Exanpl e,
4, 4" - Bi spheng -A-qia rlde(loograrrs 19.2 mmol ),

5 1, 2- Di am nocycl ohexane O i goner BCT/US2008/068170

TbL95A'Pnr pertiy e (0. 663 grans, 4 42
Exmme)a l\as«j@@m\m ey cl ghgeane (1 514We%l’1@l[6‘-‘ss 18. A%olecular T,
mol ), | andpgycl ohexyl@pp&igiufed. 3177 QrsaBmaBat2 MMidne (Mn, | (°C)
were dissgdoved i (uN“@T@ttﬁ)o'o P%sgyrr%b?cdaﬁah@ 1 0 Baltons)
Hrat—¢oncentt+tation—of p Me—Sortuttofwas
all owed tad2s2ir 10 at r@bﬁmterrperat up.e72fider an i1AEPQ 144
af nOSphere jor 1Z hours, Xyl ene [ 8. dl%rams) was added 150

td the reésil'ting amic-A¥M d sol ution!PA’Grder|to $8Pm

an azeotropic solution to renove water during

i mdization, carried out by heating the solution to
180' C for an additional 12 hours. The resulting imde
sol utions were spin coated at 1,500 rpmfor 60 seconds
to formvoid-free, honobgeneous filns. 15 26 WD

2009/ 003029 PCT/ US2008/068170 P OO ONOJS5
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OOp O OONTO 1.0 Ogo Noh OO N)(X HO.75
p:,0 pN 1.5 EXAMPLE 20
w®r@pheded - A- Di anhydri de- co- 2, 4, 6- Tri net hyl - m FREENy100$1658170

di am ne-co-4,4' - Methyl ene- Bi s- Cycl ohexyl am ne
A igonmers End-Term nated with Cycl ohexyl am ne 20 In
this procedure, 4,4'-Bisphenol-A-dianhydride (10.0
Cgrarrvs 19.2 mol ), 2,4,6-trinethyl-mphenyl enedi

We Cldihe (0.657 grams, 4.38 mol),
4, 4' - met hyl ene- bi s-cycl ohexyl am ne (2.762 grans, 13.13
mml ), and cycl ohexylam ne (0.355 grans, 3.58 mmol)
welr. e diAS\@l&\téﬂnﬁiﬂlghﬂadfmd\qdmﬁismgrol i done up to a final
concentration of ?%ﬁ % The solutlon

&I%Ylﬁmgéwst%&mwpéﬁ*aé @98 SerdPUTal 8P %@t‘ﬁ%@ﬁﬁe‘%a bonding
f or 25 C%?DIJE)QHI ﬂéo%gﬁhsét?goaﬁcc?ﬂn@ﬁﬁg sé’l@&ﬁe@?gl%Qhé OBB €onsisting of

resulting amc-a er to forma

azeot r apigoneed dnkdipolyntdes, vetity &reweleeed dum thg group consisting of imide,
i mdization, which was carried out by heating the

sol Ut i GHIdgmig e pRdeiR s ORISR Ters At BSonee

r %ﬁU}FEﬂnﬂ%%uﬂtg&( tgoi tgxtx ?trflﬁn mﬁaéﬁ{ @ s%ﬁ%tl &dd @Endlgr% %991-; and

seconds to orm vol ree, onbgeneou
f Isbpﬁﬁratlr%ﬂsa?ﬂﬁm%%bﬁkoﬁﬂﬁﬁat@ﬂ/ US2008/ 068170 O N

2. The method of claim 1, wherein said temperature is at least about 200°C.

3. The method of claim 1, wherein said separating comprises applying a force to at
least one of said first and second substrates while causing the other of said first and second
substrates to resist said force, said force being applied in a sufficient amount so as to separate

said first and second substrates.

4. The method of claim 3, said stack having an axis that passes through both the first
and second substrates, said force being applied in a generally transverse direction relative to said

axis.
5. The method of claim 3, said applying a force comprising lifting the at least one
first and second substrate in a direction generally away from the other of said first and second

substrates.

6. The method of claim 1, further comprising thinning one of said substrates prior

to said subjecting.

30



10

15

20

25

O OO ,Vg ONIO o NN-C NNOODOO0.75 O00O
EXAMPLE 21 5 The viscosity, softening point, and Tg of

w0 b@oaseposi ti ons of Exanpl es 15, 16, 19, and PQDUS2088/068170
reported in Table 4, while the values of the

conp03|t| ons of Exan'pl es 17-18 are reported in Table
5.7-Fur t hey methedi efsclam tHarthen copppising @L@J%@ﬁag SPigntack| to a process

n the

selec esflOI%l%?ﬁigrO\llj\g%e s?saf‘ﬁl to‘f’g%cq gnggmgsmgfglﬁ zhrég :E%.)el nnéocrllﬂc’d combinations

1elebhﬁ1ﬁ<ﬂ&b s§f&l?’:sl§bjlebl‘ili\/fD l@f'l t@lfnpl:n@ﬂﬁé up to 350C and
bited mnimal out-gassing (<0.5 w. % . 10 Table 4

- Pro erties of Exarrpl es 15-16 and 19-20 EXAMPLE

Y Sof.t t Loss, Mol e
Tehper o b Bo(d0y kit Slrelerghbror ke { 15 Sepstiedtedt
ﬁi Oﬁn Q@oﬁcﬁng):m%? #idiPlo ot 1AESInclAhONS) aﬁ'eﬁseéel%ﬁlbgﬁﬁes and
% , 940 176 6 169.6 299 0.1740% 19, 800 207
1900@1.tamﬁg PROUBSIENGY Ul) FBOALBIEr20 a2 WMd2TS mﬂ)SB@@%Ogether
9,810 202 28 WD 2009/003029 PCT/ US2008/ 068170 Tabl e
5 - Properties of Exanples 17-18

9. The method of claim 8, wherein said applying comprises spin-coating the bonding

composition onto one of the first and second substrates.

10. The method of claim 8, wherein said contacting comprises applying pressure to

the substrates.

11. The method of claim 1, wherein:

said first substrate has a first surface and a second surface remote from said first surface
and comprising at least one active site and plurality of topographical features, and
said bonding composition layer is bonded to said second surface; and

said second substrate comprises a bonding surface that is bonded to said bonding

composition layer.

12. The method of claim 11, wherein:

said topographical features present respective end surfaces remote from the first surface
of said first substrate, and at least one of the end surfaces is further from the first
surface of the first substrate than the other of said end surfaces, said further end
surface defining a plane that is substantially parallel to said first surface; and

the distance from said plane to the bonding surface on said second substrate varying by

less than about 10% across said plane and second substrate bonding surface.
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EXAMPLE VI SCOSI TY Sof teni ng Wei ght Loss Ml ecul ar Tg

(Pa- S, Tenperature (Isothermal at Weight (M, (O
W@dPoen C at 3,000 Pa-S) 300C for 4 hrs) Dab@DOSH00&{F68170

22.52 214 0.6721% 12,700 144 18 4.451 208 1.557%

5,870 150 5 29 WO 2009/ 003029 PCT/ US2008/ 068170 We

G E.m The iicthafl of chondi whemetaotiicosypsirsieng: 5

rov a.stac first. and cond

B er o TS et F0B1 HERSDre bR bRt g SR80 i on
| 366%{[)1 GRORIIES B 160 @E@Mﬂﬂplﬁ&h@%ﬁ@p&@%iw SeBli®4Bn said second
consisting of oligoners and polyners, ich are
selecteﬂnﬁm@nmﬂhe group conS|st|ng of i m de,

anid d ani dei m de- |on ol yners and : :

o or S Foutlhs wlth figShng o DhueRalror ot sfta devices, display
suf fici@nteck! Oﬂ&%lE Sihshaied RARHAY s&ﬁbé@ﬁduc@&g lowk dlelectnc layers,
separating said first and second substrates. 2. The

nmet hod ditlectriailapets, ionfreplantagas,dnd ssmsemast m@rlsglgathcon aluminum,

| east about 200C. 3. od of claiml1, .whe
said se‘ﬁgg%?l} r}bll%%ﬁipﬁl lglgg %aglg R el I(gpxalédntuan {anjtaﬁ}gn tantalum

| east apgiiefsisgl @hdfmrx%re@@pthé@&@mngubst rates while
causing the other of said first and second substrates

to resist said force, said force being applied in a
sufficient a 0.as to se said first and
selfond %&FWLA Csla““ %hév(ﬁﬁ@f‘ﬁéﬁ o*FC‘Hda?‘&PF%a‘e £gpyprises a material
selecBHam BRY Oél 51%3 88hs¥ihg of BpbhRAIS RSt rgl%‘éggﬂla}?@t gluﬁllﬂﬁlm and silicon.
I rst and second substrates, said force being
applied in a generally transverse direction relative
to said axis. 5. The nethod of claim 3, said applying
a force conprising lifting the at |east one first and
second substrate in a direction generally away from
the other of said first and second 25 substrates.
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6. The method of claim1, further conprising thinning
one of said substrates prior to said subjecting. 30

WOD020002903029 PCT/ US2008/ 068170 7. The net hoRICDS2008/068170

claim1, further conprising subjecting said stack to a
process selected fromthe group consisting of
baskgr iTidi mgthodetfallding il ngheypat sad mon@pulahds selected from the group

conbi pati ons hereof pri.or to said su cti
cons QDAL 03  BEL 0L PLEOE 00030 Bl BER AT, 0 Bppsing o

(M

providing a stack conprises: applying a bonding
conposition to at | east one of the first and second
substrates; and contacting the substrate wi th one

another so as to bgndQ he sghstrates toget\her. 9. The
met hod of claim$8 sa| yi-ngy. rises
spin-coating the b nd| 1.0 C sition jonto one of
the first and second $ubstrates. . The rethod of

claim8, wherein said contacting conprises applying
pressure to the substrates. 15 11. The net hod of

whergihai m 1, wherein: said first substrate has a first

n

23{*5%%&0&2% m %?L i aog{SIaS?REOFermt e fromsaid first

ace east one active site and
plurality of topographical features and said bonding
conposition layer is bonded to said secong surface;
and a|d second substrafg\ rises a g surface
t hat % sai d }pnﬁ\ng 20 coné%nﬁﬂ%}on | ayer.
12. he netho f claig’ll, omerehn sr
t opogr aphi cal features present respective end surfaces
renote fromthe first surface of said firs
subst r avkereiady iaselecedromribe goup kansHme raﬂe/é &ubstiguted phenyls,
further fromthe first 25 surface of the first
substrate than the other of said end surfaces, said
further end surface defiping a pIane that is
subst anti al said first surface and th
di stance f '\“j' :
sai d second\ sub aryi pgd b Ss t boutwﬁO@b
across said plane and second substrate bondi ng
surf ace.

X is selected from the group consisting of phenyl sulfones, aromatics, aliphatics, and

cyclic aliphatics; and

N‘}*
‘éZ'—-—NH
o e}

where Z is selected from the group consisting of siloxanes and moieties comprising ether

bridges.
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31 WO 2009/ 003029 PCT/ US2008/ 068170 13. The net hod of
claiml, wherein said first substrate: has a first

wa@aobae®2and a second surface renote from sai dP€T/DS1008/068170
surface; conpri ses at | east one active site and

pl yral i | features on ,sakd second i

su? aceﬁ{e 19 8 89 8 E 3]8r %Z%V ?%%poé‘r‘lglﬁg(bc%cggéﬁﬁeﬁﬁted from the
groupf m&sﬁﬂﬂﬁ%ecblformﬁfﬂlaﬁhhmhuﬁﬂdﬂ}@H@n@@é/' Ci@spropysiabAYdiphenyl, and

devi ces exi bl e substrates, conpound semi conductors,
hexaflagyoksoniophkidanei ¢ | ayers, dielectric |ayers, ion

i npl ant | ayers, and substrates conprising silicon,

al um num tungsten, tungsten silicide, gallium

ar geni dehe SRIHIBYL lé[ﬁhmtl%n%&ém seﬁ@@&lﬁb&md fikthEy éd?mpnses an endcap

Si Ge, and m xtures of the foregoing. 10 14. The mnethod
groupflerevedifmn a cmoelnchseéta‘ml fs@u omdereupstsatieg 06 nqmmasesn(mo amines,

atiph 5 Bk i, G €t alongdr Bt o5 B Tdes
silicon. 32 WO 2009/003029 PCT/ US2008/ 068170 15. The
nmet hod of claim 1, wherein said conpound is sel ected
f ridn t hEhgmothpd of olsn $7i wherein spol gndearsgrangl ioddlgonifiem the group
fornmul a selected fromthe group consisting of
COHSIS‘I“}EQ%Q ¥5 Nov \\~ NX OO wherein: Ris selected
fromthe group consisting of 10 O OGORO1 ~ 4 F3C
CF3 and O \

TR

HsC 0
0 0
H3C , and o) ,

where:
R, is an alkyl;
R; is a cyclic aliphatic group; and

k is 0 to 20.
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wherein R is selected fromthe group consisting of
al kyl -substituted phenyls, 15 0 o OS Oand ; and 20
WX2008/0838kect ed from the group consisting of pheeEIUS2008/068170

sul fones, aromatics, aliphatics, and cyclic
aliphatics; and 0 (I1) N Z-NAO 25 Owhere Z is
sabect exhefm@bhad dfelagnddpvicaeisissit icogpodndss (IDxanlessis apidbxane having
noi eti es conprising ether bridges. 30 33 WO

the foppoly 003029 PCT/ US2008/ 068170 16. The nethod of claim
15, wherein said conmpound is (1), and X is sel ected
fromthe group consistgeng of gal kyl -substituted
phenyl s, i sopropy idenqdi hen%l and
hexafluoroisopropék@ﬂe@ +&—1 ﬁ}mhg—aﬁthod of claim
15, wherein said onpoqn furq gr compri ses an endcap
group derived froma caefpoundrsel ected fromthe group
consi sting of aromatic nono-am nes, aliphatic
nono- am nes, cycl o-aliphatic nono-am nes, and phthalic
anhydri des. 18. The nethod of claim 17, wherein said
endeap group is selected fromthe group 10 consisting

of al kyelagl’l R(‘ Ii:\)SA'i)nd1kvi§15ally 'élg’lgct%)d 'ﬁgb?n {‘\Y'xeogroup consisting of hydrogen, alkyls,
and phenyls;
mis 1 to 6; and

pis 1 to 50.

20. The method of claim 15, wherein said compound is (II), and Z is a moiety

comprising an ether bridge selected from the group consisting of

oaene
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H3C and O where: R4 is an alkyl; 20 R5 is a cyclic
aliphatic group; and k is 0 to 20. 34 WO 2009/ 003029
wWEQDAOERRD8/ 068170 19. The net hod of cl ai m 15PCTAS2088/668170
said compound is (Il), and Z is a siloxane having the
formrula RBR3 11 (R3),-Si 0-Si (RmM5 14 1p 3 R3
whidr e:  gaeriicRgednsprisaidi: vi dual |y sel ected fromthe group

COpGg R IS0 B Sugg 1 BRSO i s
wher ei NeonirfhieOmQUnhel 2titd dito arRiNPplraliSy & tiPdEhphical Features;
conprising an ether bridge selected fromthe group
cansicend supsoitedaving adog@in®@sarfad®; @ad- 0- S- 0- 0- ¢
a bonding layer bonded to said active surface and to said bonding surface, wherein said
bonding layer comprises oligomers and polymers, which are selected from the

group consisting of imide, amideimide, and amideimide-siloxane polymers and

oligomers.

22. The article of claim 21, wherein:

said topographical features present respective end surfaces remote from the back surface
of said first substrate, and at least one of the end surfaces is further from the back
surface of the first substrate than the other of said end surfaces, said further end
surface defining a plane that is substantially parallel to said first surface; and

the distance from said plane to the bonding surface on said second substrate varying by

less than about 5% along said plane and second substrate bonding surface.

23. The article of claim 21, wherein said first substrate is selected from the group
consisting of microelectromechanical system devices, display devices, flexible substrates,
compound semiconductors, low k dielectric layers, diclectric layers, ion implant layers, and
substrates comprising silicon, aluminum, tungsten, tungsten silicide, gallium arsenide,

germanium, tantalum, tantalum nitrite, SiGe, and mixtures of the foregoing.
24.  The article of claim 21, wherein said second substrate comprises a material

selected from the group consisting of sapphire, ceramic, glass, quartz, aluminum, silver, and

silicon.
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and O25 CFg --04 /-1 CF3 35 WO 2009/003029
PCT/ US2008/ 068170 21. An article conprising: a first
wWQapsvemee havi ng a back surface and an acti vePGUDS0&068170
said active surface conprising at |east one active
site and a plurality of topographical features; a
sesond BbgtitRtE daw 19 veheRONdhidPosndraasd oBgsnésdave a formula
bondi ng | ayer bonded to said active surface and to
selecsdiftpnbtedirpgp eansfstiseof wherei n said bondi ng | ayer
conprises oligonmers and polynmers, which are sel ected
fromthe group consisting of imde, am deimde, and
) am dei m de- si | oxane polymers and oligoners. 10 22.
The article of cl 'nkgl, erei ng sai d tgpographica
features present fes [ rfaces \renote from
the back surfac N:ﬁétﬁvfir )stratd, and at
| east one of the gndcsurfaces isgurther /fromthe back
surface of the first substrate than the other of said
end surfaces, said further end surface defining a
pl ane that is substantially parallel to said first
surface; and 15 the distance fromsaid plane to the
whergiindi ng surface on said second substrate varying by
'Q§%ukﬁé&dqﬁﬁﬂﬁm§&%éﬁeﬁﬁm%ﬂgéfplane and second _
substrate bondi ng  surface. 23. The article of claim
21, wherein said first substrate is selected fromthe
group consisting of m groel ectronmechani gal system

devi ges, displ ay device ,Cgﬁéxible subgtrlates, 20
conpéqu-ﬁgnLQp%Fuctors,/10w/k di el ec |§5 ers,
di el gctric layer/s, :iomzCnpl a®f; | apdrs, angl substrates

conprising silicon, alum num tungsten, tungsten

oLl ey oLl TP dg ST, R AU s,

X is selected from the group consisting of phenyl sulfones, aromatics, aliphatics, and

cyclic aliphatics; and

0O
N‘>’
‘éZ"'—‘NH
o (o}

D

where Z is selected from the group consisting of siloxanes and moieties comprising ether

bridges.
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24. The article of claim?21, wherein said second

substrate conprises a material 25 selected fromthe
wW@e@apomensi sti ng of sapphire, ceramc, gl ass,PCUHES1088/068170

alum num silver, and silicon. 36 WO 2009/ 003029

PCT/ US2008/ 068170 25. The article of claim 21,

whdtr. ei nTlsedrticlpof glater 25, adreo] sagrbprdysers aveligonfass gamarise formula (),

and R 5 e B S T i S B Bgtonen.
and 1&;(%1.5@%%{)?%;&%_& f OR -0+ 0 -~ 11 F3C CF3. and O 15
wnerein R, I's selected fromthe group consisting of

al kyl -substituted phenyls, OOs ,and O O;and 20 X
;a%gkgﬁltlee%}tig[?gﬁ %guen %f\gﬁeéglggsg{ds éaolhn OLOfgjcfﬁliQ]ger}yclomprises an endcap
groulzg%lma dﬁ]?a c ?Rﬁlmelecte%%r&h Me %ﬁ%@sis@ﬁ eL@nfatik 3110110-amines,

ecte rom € group consi st SI Xanes an
aliphftii @bheantosspeycsi-aigplatibarono-amines, and phthalic anhydrides.

28.  The article of claim 27, wherein said endcap group is selected from the group

consisting of alkyls,

TRTR
H,C O
D RO
H3C , and o) ,

where:
R, is an alkyl;
R; is a cyclic aliphatic group; and

k is 0 to 20.
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30 bridges. 37 WD 2009/ 003029 PCT/ US2008/ 068170 26.
The article of claim25, wherein said polynmers or

wW@lkiogoewes conprise fornula (1), and X is sel BCI/E82008/068170

fromthe group consisting of alkyl-substituted
phenyls I sopropyl i denedi phenyl, and
hexf | ud hordep pgﬁi'ym e Wacres sairl pofyyaerapi qligogestcogipgispformula (1D,

and 2R a MSLE! My t%e%)%?'lfmd further conprises an endcap
group gerlved%#r

a conpound sel ected fromthe group
consi sting of aronatlc nono- am nes, aliphatic
mono- am nes, cyclo-aliphatic mno- am nes, and phthalic
anhydri des. 28. T artficle of Ia|n127 wherei n said
endcap group is s te ron1 p 10 consi sting
of alkyls, (R4) k and 0 where:
R4 is an alkyl; 20 R5 i 3a cy si'c allphatlc group; and
kis Oto 20. 38 WD 2008/ 0030 PCT/ US2008/ 068170 29.
The article of claim25, wherein said polynmers or
ollgggers conprise formula (11), and Z is a siloxane
hawngtheforrmIaRS RB 5(Rm | i o-11i (R. 131

P where&ich R? is individually selected from the group consisting of hydrogen, alkyls,
and phenyls;
mis I to 6; and

pis 1 to 50.

30. The article of claim 25, wherein said polymers or oligomers comprise formula (II),

and 7 is a moiety comprising an ether bridge selected from the group consisting of

Togegell
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each R3 is individually selected fromthe group
consi sting of hydrogen, alkyls, 10 and phenyls; mis
WO 2G00/08302and p is | to 50. 30. The article ofPCI/EHBINS/068170

25, wherein said polyners or oligoners conprise

formula (I11), 15 and Z is a noiety conprising an

etsher by |c@@180§ﬁbl@¢1§eﬁ’dl for djl‘intlh@ QVoosbseans itatetlrg, @id @mposition

-(G~- ~ 0O 20 Cor (OO UO S OO0, and 25
comp@m@g a @mp@nd mgol@rdsor?,@lsseaS@@onz@@gl/ve%w@m said compound being
selccts g%}? Qg%x%gcgéégg%f’ éfg?ofymel odsol %)% d%ﬁiagl%loﬁs){n%m selected from the
group* @RIl #Y a compound dlssolved or dispersed in a

sol vent system said conpound being selected fromthe

group consisting of polynmers and oligoners have a

[ formul a selected fromthe group conS|st| of 5 (1) O
D RO X (NN 10 wherei/n: O R

N

O
wherein:

R is selected from the group consisting of

fonot R LA

s

wherein R, is selected from the group consisting of alkyl-substituted phenyls,

X is selected from the group consisting of phenyl sulfones, aromatics, aliphatics, and

cyclic aliphatics; and

(- OO

an

where Z is selected from the group consisting of siloxanes and moieties comprising ether

bridges,
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hexa@g

Ris selected fromthe group consisting of (--'C ~
11 ~ F3CCF3, and 4- 11 O 15 wherein R, is

W@ 200800380 from t he group consi sting of PCT/US2008/068170

al kyl -substituted phenyls, OOs _C 20, and ; and

;(u (e)lﬁzgls ?d('f‘(ﬁa ?%ﬁ%§ﬁl?sﬁln§?1%%ﬁ§?}s§sg ?ﬁc’ Igll?]&&'a}g] gyogtf Icfgeﬂ%gcy hom a compound
al i phat &sctecaidmhe ghdup coXsi@dy oZa¥mak Jbnohghiged alihatic mono-
sel ected fromthe group consisting of siloxanes and

noi et i edMEBHpPYErAphatihmenodsmiciyesnd phohalo apOPYidEe3029

PCT/ US2008/ 068170 wherein said conpound further

conpri ses an endcap group derived froma conpound

sesect etthé cpdshRAGT MM 8 PNRSeeEih B8 d 0dmBs@Rbhrises formula (1), and
nono- am nes, aliphatic nono- am nes, cyclo-aliphatic

X is seteqteddipinnidis graungoptistivglof elkalnswpeti tutbd pherly| 8 Bopipelidenediphenyl, and

gpg%i&jop of claim3 1, wherein said conpound

HOFCREOYES Ul a (1), and X is selected fromthe

group consisting of al kyl-substituted phenyls,

i sopropyl i denedi phenyl, and hexaf!l uoroi sopropyli dene.

3333. ThelTboaposesitianoibflaiot i mvBdreinsast @ideas gicdipenddeged from the
ected fromthe 1.0 group consisting of

gl‘Otll%h%f?FSgi,“g (’F-?e%ky 'R5 15 H3C O

/ (Ra) s

HsC
H3C£

2

Mo

, and

where:

R, is an alkyl;
R, is a cyclic aliphatic group; and

kis O to 20.
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ONO H3C, and O where: R4 is an alkyl; 20 R5 is a
cyclic aliphatic group; and k is 0 to 20. 41 WO

WQO®9002029 PCT/ US2008/ 068170 34. The conposikCDOS2H8/068170

claim3 1, wherein said conmpound conprises formula
(1), and Z is a siloxane having the formula R3 R3 5
3)34. ( RRjevonfiosiiosbf (Y, RBelein saihengouldceapieiBringla (1), and
i ndi vi dual, | y seI ect]ed fromthe group consisting of

@and phenyls; mis 1to 6; and pis
| to 50. 1.5 35. The conposition of claim31l, wherein
sai d compound conprises fornula (I1), and Zis a
nmoi ety conprising an ether brlgdge selected fromthe
group consi sting, of 2d:‘o (ONO) § 0--vx~S 0 O, and

p

<<(R3)m-s:i—éo———sii (Rs)m‘>

RS R3

where:
each R’ is individually selected from the group consisting of hydrogen, alkyls,
and phenyls;
mis 1 to 6; and
pis1to50.
35. The composition of claim 31, wherein said compound comprises formula (II), and

7 is a moiety comprising an ether bridge selected from the group consisting of

@000@ |
{e-0Low0)

42



10

15

20

25

30

25 CF3 CF3 42 WO 2009/ 003029 PCT/ US2008/ 068170 36.
A polyner or oligoner having a fornmula selected from

W@ b@9goedep consisting of (1) OR OO 5 N)O -*PCT/US2008068170
X OO0 wherein: 10 Ris selected fromthe group
consisting of K--'C -~ 11--~ ORL-OF3C/ \ Il CF3,
an. 15 Avpebyaiar oRoligangdiasingadofmalmstlseted figupthe group consisting of
consi sting of al kyl-substituted phenyls, O O, and
&S-O and 20 X is selected fromthe group consisting
of phenyl sulfones, aromatics, aliphatics, and cyclic
aliphatics; and (11) o 25 0O N Z-NH O O where Z is

(I) selected fromthe greup consistinpg of siloxanes and
noi eti es conprising %@/E’N@;«j es,
N —X
O >

o)

wherein;

R is selected from the group consisting of

@)
foaoy XU D

CF; ,and

wherein R, is selected from the group consisting of alkyl-substituted phenyls,

X is selected from the group consisting of pheny! sulfones, aromatics, aliphatics, and

cyclic aliphatics; and

O
N‘>
42"‘—NH
o e}

an

where Z is selected from the group consisting of siloxanes and moieties comprising ether

bridges,
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43 WD 2009/ 003029 PCT/ US2008/ 068170 wherein said
pol ymer or oligoner further conprises an endcap group

wa@lerpwesd2d r om a conpound sel ected fromthe groREI/US2008/068170

consi sting of aromatic nono-anines, aliphatic
nmono- am nes, cyclo-aliphatic nono-am nes, and phthalic

anhlydeindesl. p<5y13f7r orTdlezopoir yumm eompk lsfgioﬁre@ld@ﬂp er Oallprdeslaed from a

o

(1, arkrmioonial SRl e e i BB Gt gy e aliphatic

al kyl - ?ﬁ 'aﬁﬁﬂc@dc Qfa)ezmﬂh%blc m'oﬁ@-@ﬁﬁ’xﬂéél élﬂﬁlflﬁﬁidlﬁrh%ﬁydiudes

and hexaf | uor ol so ropy i dene. . The pol yner or
ol i goner of claim 36, wherein sald endcap group is

5 Eel SCt Ie_"gl@f %90 9211511 %r I@ﬂ%@%m Ogﬁg Séq'iﬁ\é)}egem F@& gX lﬁlelS or 2)hgaomels
compz’ilsg}é né%y(lﬁgn@% 1% 8%%&% GrofH ‘ﬂh}%%frth chg%ls 817 l'ﬁbll.ml%ﬁgd phenyls,

isoprwllidersdigitensgl, ag@hmaﬂmbunslo@mpyﬂﬁenemher ei n sai d pol yner
or oligomer conprises formula (I1), and Zis a
sil oxane having the formula R R3 5 (R3)rni OS

( F§%§) m R }B%'mmg{)ﬁgomer of claim 36, wherein said endcap group is selected from

10 the group consisting of alkyls,

> Rs
O
: %—2@ HO
, and 0 )
where:
R, is an alkyl;
20 R, is a cyclic aliphatic group; and

kis 0 to 20.
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10 each R3 is individually selected fromthe group
consi sting of hydrogen, alkyls, and phenyls; mis |
W@ 2008/0038ed  pislto50. 15 40. The pol ymer or oPCTUR®NS/068170
of claim 36, wherein said polyner or ol i gomer
cor%rlsesforrrula(ll) and Z is noi ety conpr.i sing
t heFhappplyger 8| oy faf ofigh é6g MEGEFIn saids Paly gl osfoligomer

comp}g_%'%fo&%gl? (8),%&? 1s§gﬂ§§%e(h%ngct:ﬁé foPmu? 0 - S 0 O and

where:

40.

e

each R’ is individually selected from the group consisting of hydrogen, alkyls,
and phenyls;
mis 1 to 6; and

pis 110 50.

The polymer or oligomer of claim 36, wherein said polymer or oligomer

comprises formula (II), and Z is a moiety comprising an ether bridge selected from the group

consisting of

(00
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